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The red line tells you: 

This is the world’s most reliable jet tire 

New Goodyear Red Streak jet transport tire is so ruggedly built— it delivers 
as much as 1 5% more landings per tire— and airline records prove it. 


Here's what’s back of the amazing record— 15'' more 
landings per tire-compiled by major airlines in the first 
year the Goodyear Red Streak jet tire has been available : 
Shredded Wire Shield 
First, a shredded wire shield 
protects the carcass by resisting 
cuts and cut-growth problems. 

early tire changes and prevent 
tire retreading. 

Reinforcing Tread Ply 
Next, reinforced tread ply design permits use of extra 
rubber in the tread, protects tires from hazardous tread 
chunking and peeling under se- 
vere high-speed, heavily loaded 
jet transport operating condi- 

Automatic Wear Indication 

When 80'' of the tread is worn, 
this red reinforcing ply begins 


to show . . . makes tire inspection easier, tells when tire- 
change time is near. And, unlike other wear indicators, 
it makes the tire stronger. 

Low-Profile Rib Tread Design . . . 

. . . puts more rubber where the 
tire meets the runway, increases 
tread life. Special tread design 

maximum tread wear and coef- 
ficient of friction under all con- 
ditions, snow or ice, wet or dry. 

Plus Many Other Features . . . 

. . . specially compounded tread rubber, computer-calcu- 
lated balanced ply construction, super-strength beads, 
high-pressure cures and quality control that checks the 
tire 140 times during its production. It all adds up to . . . 

. . . The Best Jet Tire Buy in the Business 
Get full details on the Red Streak— world's most reliable 
jet tire. Write Goodyear, Aviation Products, Dept. 
B-1715, Akron 10, Ohio. 
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NEWEST SPERRY DEVELOPMENT 


Two new PM-focused, millimeter 
BWO’s with wide tuning ranges 


For local oscillators and signal generators, Sperry Electronic Tube Division announces two new 
production millimeter wave BWO's. They are the SBM-421 (48-63 Gc) and the SBE-402 (65-86 Gc). 
Their average power outputs are 10-30 mW. 

Two design features will impress systems engineers, because each eliminates a power sup- 
ply from the system. The first is PM focusing, which not only eliminates a power supply, but 
the whole solenoid/blower assembly as well. The second is a new gridded triode gun. With 
this development, the tube realizes full amplitude modulation at an anode voltage of only 
200 V. Between them, these two Sperry BWO features reduce total power supply requirement 
to heater, control grid, and beam supplies, while minimizing system size and weight. And Sperry 
BWO's are the first to use photo-etching of slow-wave structures ... a process which enables 
Sperry to repetitively duplicate performance, reduce prices on large quantity runs, and ma- 
terially shorten delivery schedules. 

You can get delivery at an attractive price within 60 days from receipt of your order. For a 

tree technical bulletin containing complete electronic and mechanical data on Sperry BWO's, 
write Sperry Electronic Tube Division, Gainesville, Florida, or contact your nearby Cain & Co. 
representative. Overseas, contact Sperry Europe Continental, Paris, France. 






these ? 


Recognize 


Most design and procurement people in 
the aircraft engine, missile and rocket fields 
will have little difficulty in identifying the 
fuel bottle hemisphere, missile aft closure, 
conical turbine shaft, turbine case and 
heat sink pictured here. They are quite 
typical of the hundreds of fine forged parts 
produced for these and other industries 
by Taylor Forge. 

Jet and nuclear engine components, 
missile and rocket hardware, space craft 
structural components and a great variety 
of other forged, rolled and extruded parts 
for more usual but equally exacting appli- 
cations make up an important part of 
Taylor Forge business. 

Yes, Taylor Forge’s large and varied 
assortment of presses, hammers, ring roll- 
ing mills, special machines and related 
production equipment; the complete lab- 
oratory and heat treating facilities; the 
superlative technical and engineeringskills 
acquired during more than 60 years of 
specialized metal working experience — all 
justify the selection of Taylor Forge as a 
preferred supplier of production forgings. 

This is particularly true when forgings 
are required in titanium, tungsten, nickel 
base alloys such as Hastelloy C or Inco 
718, and many other costly or hard-to- 
work materials. 

Be sure to submit your inquiries 
to Taylor Forge. 
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" Wheels Up!" 


Returning any aircraft to service from major overhaul in under seven days is 
mighty fast time even today. But thanks to Ansco X-ray films like Superay' 
‘A’ and 'B', aircraft inspections and overhauls are faster than ever. 

Ansco Superay ‘A’, the fast fine-grain Class II X-ray film and Superay ‘B’, 
the extra-fine-grain Class I film of increased contrast, are also widely used in 
non-destructive testing of vital missile components. 

Get complete information on all Ansco X-ray products by writing Industrial 
X-ray Department, Ansco, Binghamton, New York. 

Ansco— America's first manufacturer of photographic materials . . . since 1842 



X-RAY FILM 


CHEMICALS 

SERVICE 


AEROSPACE CALENDAR 

(Continued from page 5) 

Mar. 18-22— Spring National Convention, 
Society for Nondestructive Testing, Am- 
bassador Hotel, Los Angeles, Calif. 

Mar. 19-21-Second Air Force-sponsored 
Symposium on Bionics, Biltmore Hotel, 
Dayton, Ohio. 

Mar. 22— Sixth Annual Dr. Robert H. God- 
dard Memorial Dinner, Sheraton-Park 
Hotel, Washington, D. C. Sponsor: Na- 
tional Rocket Club. 

Mar. 25-28— International Convention, Insti- 
tute of Electrical and Electronics Engi- 
neers. Waldorf-Astoria and Coliseum, 
New York, N.Y. 

Mat. 28-29— Fifth International Symposium 
on Electron Beam Technology, Hotel 
Sheraton Plaza, Cambridge, Mass. Spon- 
sor: Alloyd Electronics Corp. 

Apr. 1-5— Launch and Space Vehicle Shell 
Structures Conference, American Insti- 
tute of Aeronautics and Astronautics, El 
Mirador Hotel, Palm Springs, Calif. 

Apr. 2-3— Eighth Annual Business Aircraft 
Safety Seminar, Flight Safety Founda- 
tion. Barbizon Plaza, New York, N. Y. 

Apr. 2-5— Spring Conference, Airport Oper- 
ators Council, Shorcham Hotel, Washing- 
ton, D.C. 

Apr. 8-11-National Aero-Nautical Meeting, 
Production Forum &• Aerospace Support 
Equipment Conference, SAE/Amerr* 


Societ; 


bngince 


, Shcra 


k Hotel, Washington, D. C. 

Apr. 10-1963 National Value Engineering 
Conference. For information: Dr. David 
Miller, coordinator of special programs, 
Los Angeles State College, 5151 State 
College Dr., Los Angeles 32, Calif. 

Apr. 10-11— Fourth Symposium on Engi- 
neering Aspects of Magnetohydrody- 
namics. University of California. Berkeley. 

Apr. 16-18— National Meeting, . 


Indu 


Conrc 


Bolling AFB Officers Club, Washington, 
D. C. 

Apr. 16-18— Optical Masers Symposium, 
United Engineering Center, New York, 
N.Y. Sponsors: Polytechnic Institute of 
Brooklyn; Institute of Electrical and Elec- 
tronics Engineers; American Optical So- 


AF Aerospace Fluids 
iferencc (unclassified), 
Managed by South- 


Apr. 16-19-1963 U 
and Lubricants Ci 
San Antonio. To 


Equipment Exposition, Institute of En- 
vironmental Sciences, Statler Hilton Ho- 
tel, Los Angeles, Calif. 

Apr. 17-19— International Nonlinear Mag- 
netics (INTERMAG) Conference. Insti- 
tute of Electrical and Electronics Engi- 
neers, Shorcham Hotel, Washington. 

Apr. 17-19— Southwestern Conference and 
Electronic Show, Institute of Electrical 
and Electronics Engineers, Dallas Me- 
morial Auditorium, Dallas, Tex. 

Apr. 17-19— Technical Meeting: Nuclear 
Materials for Space Applications, Ameri- 
can Nuclear Society, Nctherland Hilton 
Hotel, Cincinnati, Ohio. 

Apr. 22-23-Annual Meeting, National 
Aeronautical Services Assn., Washing- 
ton, D. C. 

Apr. 22-24-Second Manned Space Flight 
(Continued on page 9) 


Pulse magnetrons, used in commercial all-weather radar systems, are part of 
the extensive line of Litton microwave tubes and display devices. For informa- 
tion write to San Carlos, California. In Europe. Box 110, Zurich 50, Switzerland. 

EB LITTON INDUSTRIES 

ELECTRON TUBE DIVISION 



PROBLEMATICAL RECREATIONS 159 



A modernistic chess set has pieces in various geometrical shapes. 
In particular, both the KING and the KNIGHT are squares of 
integers. What numbers could these represent if each letter is 
replaced by a different digit? -Contributed 

In addition to their nuclear submarines, cargo ships and other 
surface vessels, our Litton-Ingalls Division is moving ahead on 
the construction of a new “aircraft-carrier" type ship designed 
to transport a complete amphibious assault force by helicopter. 
This new type attack carrier will implement a new concept of 
warfare developed by the U.S. Marine Corps. Look for the 
launching of the LPH-10 at Pascagoula, Mississippi. 

ANSWER TO LAST WEEK’S PROBLEM: N = 120. 

m LITTON INDUSTRIES, INC. 

Beverly Hills, California 


AVIATION WEEK & SPACE TECHNOLOGY, 


25, 1963 



NEW-from ITTSurprenant 


TEFLON' 



ITT SURPRENANT SURCODUR" superior new abrasion-resistant Tetlon insulated wire-the most nearly pertect hook up wire 
for critical conditions of miniaturization, weight and high temperature. 


World’s most nearly perfect AIRFRAME wire: new SURCODUR 
in heavy duty abrasion-resistant Teflon 



SURCODUR hook-up wire preserves 
all the exceptional electrical and ther- 
mal properties of Teflon TFE and FEP 
insulation: lowest dielectric constant, 
lighter weight, higher heat resistance, 
greater mechanical strength, non- 
flammability, no shrinkback or insula- 
tion damage from soldering, chemical 
inertness, and flexibility even at low 
temperatures. 

But now ITT Surprenant Laboratories 
have overcome the previous weakness 
of TFE resins— low abrasion resistance 
due to poor cold flow properties. The 
secret: extrusion of a remarkable triple 


insulation of ultra abrasion-resistant 
material sandwiched between two lay- 
ers of pure Teflon. 

Specify Surprenant Mil Spec MS 
17411, MS 17412, MS 18000 and 
MS 18001 (WEP). Available in all 
types and sizes, with silver-plated or 
nickel-plated conductors. 

See your ITT Surprenant representa- 
tive for full details or write for techni- 
cal information. 

Surprenant Mfg. Co., a Subsidiary of 
International Telephone and Telegraph 
Corporation, Clinton, Massachusetts. 


AEROSPACE CALENDAR 


(Continued from page 7) 
Symposium, AIAA/NASA, Marriott Ho- 
tel, Dallas, Tex. 

Apr. 22-24— Third Annual San Diego Sym- 
posium for Biomedical Engineering, Del 
Webb's Oceanhouse, San Diego, Calif. 

Apr. 23-25— Hypersonic Ramjets Confer- 
ence, AIAA/ASME, Naval Ordnance 
Laboratory, White Oak, Md. 

Apr. 29-30—1963 Spring Meeting. Western 
States Scction/The Combustion Institute, 
Vacation Village Motel, San Diego, Calif. 
Sponsor: General Dvnamics/Astronautics. 

Apr. 29-May 2— 34th Annual Scientific 
Meeting, Aerospace Medical Assn., Stat- 
ler Hilton Hotel, Los Angeles, Calif. 

Apr. 29-May 2— 22nd Annual National Con- 
ference, Society of Aeronautical Weight 
Engineers, Shcraton-Jefferson Hotel, St. 
Louis, Mo. 

Apr. 29-May 3-Annual Conference, Society 
of Photographic Scientists and Engineers, 
Ambassador Hotel, Atlantic City, N. J. 
Cosponsor: Army Research Office. 

May 1-3-1 9th Annual National Forum. 
American Helicopter Society, Sheraton 
Park Hotel, Washington, D. C. 

May 2-Bioastronautics Conference, AIAAI 
Aerospace Medical Assn., Los Angeles, 
Calif. 

May 2-3— Fourth National Symposium on 
Human Factors in Electronics, Institute 
of Electrical and Electronics Engineers, 
:t Twin Bridges Motel, Washing- 


n, D.C. 


May 2-5- 

ing Display. 1 
England. 

May 5-8-1963 / 


il Travel Fair 
u Hill Airpo 


nual Conference, Ameri- 
rirport Executives. Galt 
Ocean Mile, Beach Club and Coral Ridge 
Hotels, Fort Lauderdale, Fla. 

May 6-8— Aerospace Reliability and Main- 
tainability Meeting, AIAA/ASME/SAE, 
Washington, D. C. 

May 7-9— Electronic Components Confer- 
ence, Institute of Electrical and Electron- 
ics Engineers, Marriott Twin Bridges Mo- 
tel, Washington. 

May 13-15-National Aerospace Electron- 
ics Conference. Institute of Electrical 
and Electronics Engineers (IEEE1/AIAA, 
Dayton, Ohio. 

May 15-17— Connecticut General Flight 

Air Transportation, Hmtfi^jSonn!" °" 

May 20-22— National Symposium on Micro- 
wave Theory and Techniques, Institute 
of Electrical and Electronics Engineers, 
Miramar Hotel, Santa Monica, Calif. 

May 20-22— National Telemetering Confer- 
ence, Hilton Hotel, Albuquerque, N. M. 

May 21-23-Spring Joint Computer Confer- 
ence, American Federation of Informa- 
tion Processing Societies, Cobo Hall, 
Detroit, Mich. 

May 27-28— Seventh National Conference 
on Product Engineering & Production, 
Institute of Electrical and Electronics En- 
gineers, Continental Hotel, Cambridge, 
Mass. 

June 3-11-COSPAR Fourth International 
Space Science Symposium and Sixth 
Plenary Meeting, Warsaw. Poland. 

June 7-16— 25th French International Air 
Show, Le Bourget, Paris, France. 



RELIABILITY BY DESIGN 


BROAD LINE OF WESTON 
AEROSPACE INDICATORS 


MEMORY 


ONLY INSTRUMENT OF ITS KIND . . . 
HAS INDEX FOR AUTOMATIC CONTROL 
In outer space or at sea level, you can depend on 
Weston aerospace instruments for highest relia- 
bility and superior performance. The complex 
Bearing-Distance-Heading Indicator, for example, 
provides an accuracy of ± 0.5” on the card, and 
is equipped with an adjustable memory index for 
automatic flight control. Reliability is proved in 
rigid 1,000-hour MTBF tests 3 . . . rather than by 
time logged under normal flight conditions. 

Weston’s high performance standards are 
achieved through unexcelled packaging tech- 
niques and mechanical design, in-plant machin- 
ing. and rigid quality control. In addition, Weston 
offers unparalleled engineering experience. We 
designed and built the original I.L.S. Indicators, 
and recently supplied nine of the 26 indicating 
instruments aboard each Mercury Capsule. 

Take advantage of unusual Weston design and 
development capability. For more information, 
write Weston — producer of the most complete 
line of electrical aerospace instruments for 
manned flight. Dept. AW-48. 





WESTON INSTRUMENTS 

Division of Daystrom, Incorporated, Newark 14, New Jersey 
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Garrett Pneumatic Signal Generators combine laboratory- 
type accuracy with portability, ease of operation and rugged 
construction for flight line checkout and field maintenance 
of pressure simulated aircraft and aerospace systems : 

Air Data Computing Systems 
Flight Instruments 
Automatic Flight Control Systems 
Pressure Ratio Systems and Transducers 
Continued development has resulted in the introduction of 
the 9070 model pictured above. Half the size and weight of 
earlier models, this unit has been repackaged to incorporate 
all the recent advances in this type of equipment. 


Unique in these pneumatic signal generators are Garrett- 
developed servoed pressure regulators which prevent any 
pressure fluctuation and hold a constant pressure setting 
indefinitely without drift. Other features include: digital 
readout for applications requiring extreme accuracy: 
dynamic testing capability via a pneumatic sine wave for 
air data computer testing; programming ability for full 
automatic checkout of systems. 

Garrett pneumatic signal generators are in use by NATO 
forces throughout the world. Modular construction insures 
that these devices can be designed and manufactured at GML 
to meet specific requirements. Your inquiries are invited. 



GARRETT MANUFACTURING LIMITED j 19 Alt well Drive, Etobicoke, Ontario 


WHERE 
WILL THE 
THIRD 100 
F-27’s 
SERVE? 



The 200 now flying have proven their unique versatility in 
a wide range of services... setting new low cost records for 

plies. The third 100 - many already booked for production 
and delivery— will further prove the F-27’s superior perform- 

The F-27 brings economy, speed and flexibility to any serv- 
ice it enters. It can land at or take off from more than 5,500 air- 
ports in the U.S. and Canada . . . and other thousands abroad. 
Its Rolls Royce Dart turboprop engines provide speed of 


over 300 miles per hour for high altitude, all-weather cruis- 
ing. A convenient pneumatically operated step door elimi- 
nates ground equipment. Original investment, and operating 

the F-27's versatility. The F-27 now serves U.S. and foreign 
airlines, leading corporations, and is now under consideration 
by the U.S. military. Owners report unexcelled performance 

demonstration, write or call Mr. Richard Henson, Area code 
301, 733-3600, Aircraft-Missiles Division, Fairchild Stratos, 
Hagerstown, Maryland. 
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Build your system with operational Cubic 
AME, DME and DHE... immediately available! 


Cubic tracking systems are operational 
now at installations throughout the free 
world. They are setting new standards 
for performance and reliability based 
on the superior design of Cubic AME 
(Angle Measuring Equipment), DME 
(Distance Measuring Equipment), and 
DHE (Data Handling Equipment). An 
outstanding example of the capabilities 
of systems using this equipment is 
Cubic AGAVE, the primary capsule 
acquisition aid in use on all 18 Project 
Mercury tracking sites. Complete sys- 
tems, including peripheral equipment, 
are built to well defined specifications 
safely using state-of-the-art techniques. 


Cubic tracking systems offer important 
advantages in lower costs, greater ac- 
curacy, prompt delivery and multiple 
target tracking capability. These sys- 
tems are easily adapted for real time 
display or data recording. And most 
important, they are operational now — 
tried and proved reliable in use. 

Here are typical examples 
o» operational systems: 
MATTS: Three-target AME-based 
scoring system at Eglin Gulf Test 
Range; 

Bi-COTAR: AME-based range safety 
system at Vandenberg Air Force Base; 


ELSSE: Extremely simple but accu- 
rate single target, single AME system 
for range safety on the Atlantic Missile 
Range; 

AGAVE: Primary capsule acquisition 
aid for Project Mercury; 

ADAM: A highly-sophisticated nine- 
target position tracking system based 
on combination of AME and DME; 
ARCAS: Digital data system for At- 
lantic Missile Range. 

For additional information on opera- 
tional Cubic tracking systems, write 
to Department B-11S. 



CUBIC 

CORPORATION 


OTHER OFFICES: Washington, D.C. • Cocoa Beach, Florida • Los Angeles, Calif 


Boston, Massachusetts 



Command Recovery. Terminal control and landing of spacecraft... energy management, data links, 
cockpit displays for aerospace missions. These are not just “long-range objectives" at Sperry Phoenix. For 
example, we are under contract with USAF Aeronautical Systems Division to capture the X-20 Dyna-Soar 
vehicle upon re-entry from space, then manage its let-down and landing. This will be 
done with Sperry microwave guidance and control equipment existing today. We believe 
we can excel in this USAF assignment because it represents a logical extension of years 
of Sperry Phoenix experience in high-performance pilotless flight... experience greater 
in depth and breadth than that of any other company. We welcome new challenges in divisions of 
these and related fields. SPERRY PHOENIX COMPANY, Phoenix, Arizona. SSrporatIon 





Grumman’s orbiting astronomical observatory (0A0) 
will look into outer space. 



We’ll look after the power. 


We call the device you see a static-type battery-charge 
and sequence controller. It’s the first unit of this type for 
a space application. It does several jobs: keeps battery 
state-of-charge up to operating limits; charges one battery 
at a time and maintains standby batteries inoperative; 
permits the operating battery to discharge during dark- 
ness to support spacecraft loads; supports the loads during 
daylight, if necessary; follows ground command orders; 
provides data on battery terminal and cell voltages, and 


system heat-sink temperatures — all automatically. 

Our background in the electric power field extends 
over the complete range of power-generating, converting, 
regulating and supervisory equipment. We have one of 
the most complete facilities in the industry for designing 
and producing the aerospace power equipment you need 
for whatever purpose you need it. 

Would you like to have more information? Write us 
in Eatontown, New Jersey. 



Red Bank Division 



UNDERCARRIAGES 

by 


DOWlfY 


DOWTY EXPORTS LTD CHELTENHAM ENGLAND ■ DOWTY ROTOL INC ARLINGTON VIRGINIA USA 






Computing Devices 

Of CAIVADA LIMITED 


The background of experience and capabilities of Computing Devices are well 
illustrated in the following list of products and services. 


V1COM. photo-reconnaissance systems; ANTAC, integrated naviga- 
tional and tactical control systems for anti-submarine aircraft, head-up 
and topographical displays, nuclear instrumentation, ground support 
equipment, and a wide range of field engineering services. 



A world of CUSTOM COATING SERVICE 
for the "hot” wear problems of aerospace! 


A new era of high temperature and wear resistance for 
airborne working surfaces has been "orbited” by LINDE's 
Complete Custom Coating Service! 

Every coating facility— from metallurgical research 
through development, production, and testing— is avail- 
able for the application of coatings of tungsten carbide, 
aluminum oxides, and pure metals to provide top thermal 
resistance and optimum service life. 

LINDE— the “ one-stop " coating source— evalu- 
ates and specifies the right material and coating 
thickness, the right coating process— utilizing 
either LINDE’s Flame-Plating “detonation gun” 
technique, or Plasma-Plating with its operating 
temperatures ranging up to 30,000° F. 

With the industry’s widest experience in metal- 
lic coatings, LINDE’s Complete Custom Coating 
FLAME-PLATING: TOMORROW'S COATINGS 



Service has the answer to your “hot” wear problems— re- 
gardless of the basic material, size, or configuration of 
the piece involved. If the answer isn’t on our shelf —we’ll 
research to get it! 

Many of today's important aerospace parts have suc- 
cessfully used Flame-Plated coatings— such as the com- 
bustion chamber of the Agena satellite rocket engine, 
aircraft valves, compressor blades, turbine engine 
seals, rocker arms, and many others. For many 
industrial parts, LINDE’s "prescription” coatings 
have increased service life as much as 40 times! 

Write for full information today — to Flame 
Plating Dept., Linde Company, Division of Union 
Carbide Corporation, 1245 Main St., Indianapolis 
24, Ind. In Canada: Union Carbide Canada Lim- 
ited, Linde Gases Division, Toronto 12. 

.FOR TODAY'S WEAR PROBLEMS 


17 



most experienced 
builder is ready to 
serve you ... may we? 




We have had years 
of experience in the 
design and manufac- 
ture of lightweight 
radar reflectors, 
plotting board sys- 

equipment. May we 



At Brooks & Perkins 
you never get halt a loaf 

The whole loaf is always available 
at B&P. .. product development- 
basic design — prototypes — quan- 
tity production ... all phases are 
ready to serve you. May we have 
the opportunity to work with you? 


BROOKS | ?.ERKlWS, INC. 

1902 W. Fort St. Detroit 16, Michigan 
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SCHOOL OF 

HARD 

KNOCKS 

...with unparalleled success. Note well the achievements of 
the Army and Southern Airways professionals at Camp Wolters; Texas, 
largest helicopter operation in the world. Here, at the U.S. Army Primary 
Helicopter School, 518,000 flight hours have been logged on its Hiller 
fleet since 1956 and new standards of maintenance, safety and aircraft 
availability are established and surpassed with enviable regularity. Ex- 
amples: 73% aircraft availability, compared with an overall military 
average of 55%. Safety record superior to average despite student pilots. 
1,400,000 student touchdown autorotations; 36,119 in just one recent 
month, assuring that Camp Wolter’s 4,600 pilots graduated to date are 
the world’s most capable, fully prepared for field operations. 

These records are the product of a 3-element team — the Army, civilian 
professionals and some 200 Hiller OH-23 helicopters. As Camp Wolters 
instructors will testify, primary trainers take many hard knocks every 
day. They must be tough, safe, dependable and available at minimum 
cost commensurate with the mission. 

Hillers are. HILLER^ 

AIRCRAFT OOMPJAISrSr 
PALO ALTO. CALIFORNIA • WASHINGTON. D.C 












EDITORIAL 


An Excellent Start 


Many wondrous things have happened to Theodore 
von Karman during Ins 82 years on earth, but certainly 
one of the finest occurred last week in the Rose Garden 
adjoining the White House when President Kennedy 
presented him with the first National Medal of Science 
(sec p. 41). This is a new national honor authorized 
by Public Law 86-209, passed by the 86th Congress in 
1959. and awarded according to procedures established 
by an Executive Order of Oct. 21. 1961. This order ap- 
points a group of six to twelve distinguished citizens, 
representing a good cross-section of the major fields of 
science and engineering, to recommend candidates for 
the honor. It was certainly wise to include engineering 
in the scope of this award, since it is characteristic of 
modern technology that it is becoming harder to separate 
the scientist from the engineer, and the most significant 
contributions arc now made by men such as Dr. von 
Karman. who combine scientific and engineering dis- 

The idea for the award germinated in the House 
Science and Astronautics Committee where Judge Victor 
Anfuso. then chairman of its advanced research and tech- 
nology subcommittee, sparked the campaign. Judge 
Anfuso left the bench in New York to be present in the 
Rose Garden last week to see the fruition of his work. 


White House Attitude 

At the time the award was proposed, there was a 
tendency at the top levels in government to deprecate 
the contributions scientists and engineers could make 
in helping to formulate and implement the type of 
national policies that arc essential to survival in the 
modern world. It was an era when not even the jolts of 
Soviet Sputniks had changed the White House attitude 
toward what were disdainfully called "eggheads." and 
the experience of one presidential dinner for them was 
so painful to President Eisenhower that the experiment 
was not repeated. This White House attitude toward 
achievements of the intellect has changed during the 
past few years, and the National Medal of Science is 
certainly an excellent start toward establishing a per- 
manent tradition of placing high national importance on 
technical achievement, which has become such an essen- 
tial ingredient in the arteries of national vitality. 

It was also a wise choice to select a technical titan such 
as Dr. von Karman as the first recipient of this medal. 
Ibis places the proper hallmark on the significance of 
this award more eloquently than any speech and more 
clearly than any fanfare of publicity. For Dr. von Karman 
has had a variety of careers, and each has been of such 
magnitude and impact that it brought him its own crop 
of honors. His basic work in aerospace sciences is an 
enduring technical monument, and his unique flavor 
as a teacher has inspired several generations of students, 


who in turn are leaving their own indelible marks on 
the technology of our times. 

But Dr. von Karman's greatest contribution has been 
in bridging the gap between technology and the military, 
thereby creating the type of defense that has enabled 
the free world to survive and prosper during the past 
several decades. His contributions in this area date back 
to the early days of World War 2 and arc still continuing. 
Along with another man of vision and courage, the late 
Gen. Henry H. Arnold, he not only enlisted technology 
in the creation of superior airpower, but also took the 
lead in educating the military into technical literacy that 
has enabled them to work more effectively with the tech- 
nical community. 

Technical Perception 

Organizer of the Air Force Scientific Advisory Board 
and creator of the NATO Advisory Group for Aero- 
nautical Research and Development (AGARD), Dr. 
von Karman was one of the very first to perceive the 
fantastic shape of the post-war technical future and or- 
ganize the military-technology alliance to shape it effec- 
tively into the shield of the free world. Even for those 
who read them when they were first published, it is an 
interesting experience today to read the 1945 vintage 
volumes of “Toward New Horizons,” prepared under 
his direction to guide airpower into the supersonic and 
space ages, for an appreciation of the acute technical 
perception and keen understanding of humanity that 
Dr. von Karman brought to this work. 

The atomic bomb blast over Hiroshima shattered the 
scientists' ivory tower and ended their detachment from 
the society around them, and no man has taken a stronger 
lead than Dr. von Karman in applying and integrating 
the lessons of modern science into the world in which 
he has spent 82 such fruitful and exciting years. But no 
formal recital of his achievements can convey those ele- 
ments of his personality that have lent such extraordinary 
force to his work and influence; the sparkling wit that 
can be used with equal dexterity to make a technical 
point significant or to deflate a gasbag of cant and 
pomposity, and the warm glow of his presence, which is 
only partially provided by slivovitz. 

The creation of the National Medal of Science and 
its initial award to Dr. von Karman is an encouraging 
recognition of the vital role that technology can and 
must play in the ever-changing pattern of our society. 
It is not only a well-deserved recognition for Dr. von 
Karman's lifetime contribution toward this end, but 
should also serve as an inspiration to American youth 
to plunge into the ocean of technology and to try' to 
swim as strongly through it as this Hungarian-born. 
European-trained and American-flowering genius has 
done. 

—Robert Hotz 
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Look to KAMAN HELICOPTERS . . . 

Kaman helicopters purely and simply can provide maximum effectiveness of the Defense Program dollar 
. . . and they're in the ready inventory to provide USAF with logistic support in being, plus hundreds 
of USAF pilots and mechanics trained in type . . . Mission Reliability — Using proven dynamic 
components, Kaman helicopters have the best record of safety and dependability of any USAF helicopters 
. . . lowest accident rate.-. . hold world's' records for distance, attitude and payload established by USAF 
pitots . . . minimum maintenance . . . 1000 hour dynamic components . . . Productivity — Based on factors 
of range, speed, payload and altitude, Kaman helicopters can provide the most favorable ton/ mile 
factor of any helicopters in their class.. . Multi-Mission Capability -In-the-fie/d convertibility from 
cargo to passenger to Utter configurations with equal mission reliability ... practical rear 
door loading of unobstructed box-type cabin . . . from every standpoint, Kaman helicopters 
are the best buy for missile site support or multi-mission reliability. 


KAMAN AIRCRAFT CORPORATION, BLOOMFIELD, CONNECTICUT 


WHO'S WHERE 





SHIPBOARD SATELLITE COMMUNICATIONS TERMINAL— The USNS Kingsport, working in conjunc- 
tion with land based terminals, will allow communication relay through satellites to many world locations. 
Developed for use by the U. S. Army Satellite Communications Agency, the first mission of the USNS 
Kingsport will be to support NASA in the development of civil and commercial communications satellites. 
As prime contractor for the U. S. Navy Bureau of Ships, the Bendix Systems Division managed the systems 
engineering and integration of the system, including communication and related equipment from 23 
companies and three Bendix divisions. System design and integration engineers in these space tech- 
nologies can learn of exciting challenges by contacting our Personnel Director, Bendix Systems Division, 
Ann Arbor, Michigan-an equal opportunity employer. 


Bendix Systems Division 




WHERE IDEAS 
UNLOCK 
THE FUTURE 


Mariner ‘Cross-Talk’ 


Soviet Missile Bubble 


Slayton’s Future Role 


Pan Am-TWA Case 


USAPs Little Theater 


Washington Roundup 

“Cross-talk" between an infrared and a microwave radiometer in Mariner 2 pro- 
duced ambiguous data and caused the long delay in NASA's report on Venus’ surface 
and atmospheric temperatures. But work at Jet Propulsion Laboratory, including simu- 
lation of the trouble on an identical Mariner test model, is expected to show this week 
that the surface temperature is “about what you would expect from ground-based- 
observations'’— or about 61 >F— according to program officials. The possible error in the 
reading is expected to be reduced to ±50F or less. 

Investigation of the F-lll (TFX) contract award will begin Feb. 26 and Senate 
investigations subcommittee Chairman John McClellan said Defense Secretary Robert 
McNamara, Air Force Secretary Eugene Zuckcrt and Navy Secretary Fred Korth will 
be asked to testify. Most of the hearings will be closed (AW Feb. IS. p. 25). 

Joint Atomic Energy Committee hearings on the technical aspects of nuclear test 
detection (AW Feb. 18, p. 25) now arc set for the week of Mar. 4. 

Assertions that there is now a Russian "missile gap” are “burst like a soap bubble” 
by the fact that Russia has more powerful warheads and greater reliability and accuracy 
in its missiles. Col. Gen. V. F. Tolubko, first deputy commander in chief of Soviet 
strategic rocket forces, said in the Defense Ministry newspaper. Red Star. 

Col. Tolubko asked how one could compare “the power of the biggest American 
warheads installed in Titan missiles and equalling about 7 megatons of TNT with the 
Soviet missile warheads, whose power attains 100 megatons?” 

He also said that “the Soviet Union already has” anti-missile defense weapons. 

Publication of excerpts from the diary of Soviet “Cosmonaut K" began in a 
Moscow newspaper Feb. 14, and the full text is to be published by the magazine Avia- 
tion and Cosmonautics. Cosmonaut K said the space pilot training program is being 
“steadily expanded.” and said: "If we judge from the present rate of the development 
of science and technology, flights to the moon and other planets are not far off.” 

Maj. Donald K. Slayton has been bombarded with industry job offers since he was 
grounded as an astronaut, but he has decided to continue as chief of astronaut affairs 
and as an Air Force officer as long as he remains on flying status. He has 17 years of 
active USAF dutv and would like to serve out 20 years. But lie told Aviation Week & 
Space Teciinoi.ocy that if he is taken off flying' status, economics may force him to 
resign from the service and go to work for NASA as a civilian. 

George M. Low has been named deputy director for programs in NASA’s Manned 
Spec Flight Office. Spacecraft and flight missions, launch vehicles and aerospace medi- 
cine directors will report to him. Low formerly was director of spacecraft and flight 

Brig. Gen. Charles II. Roadman, director of aerospace medicine in the manned 
flight office, will end his three-year tour with NASA in June and become Surgeon of the 
Air Defense Command. Most likely successor is Dr. George M. Knauf, his deputy and 
fonner Air Force space medicine specialist. 

Lt. Co). Stanley M. White, director of the life systems division at NASA’s Manned 
Spacecraft Center, is expected to transfer soon to USAF's School of Aerospace Medicine. 

Plea by Civil Aeronautics Board's Bureau Counsel that procedural steps in the 
Pan Amcrican-TWA merger ease be delayed until stockholders vote their approval drew 
unexpected support last week from Ernest R. Breech, TWA board chairman. 

In a speech at Kansas City. Breech called attention to "recent interesting develop- 
ments in the company's suit . . . against the Hughes interests.” He said that, “if as 
now expected. TWA is awarded a substantial default judgment in its favor, the merger 
agreement will have to be changed to reflect TWA's increased asset position as a basis 
of exchange of stock in the merged company." It should be easy for Bureau Counsel 
to convince the Board that procedural steps should be postponed indefinitely, with the 
transaction still this unsettled. 

Area of space in which Air Force has a military interest has been shrinking by 
degrees-and decrees-since shortly after the first Sputnik. Once its theater encom- 
passed the universe. Later it became only translunar space— that between the earth and 
the moon. Last week, USAF Chief of Staff Gen. Curtis LeMav told Congress: “The 
present area of military interest is within the sphere bounded by the synchronous 
orbit-an orbit in which a satellite remains in a fixed position over a point on earth. 
It is in this area that we can augment existing terrestrial defenses through the use of 

—Washington Staff 
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USAF Sees X-20 Cancellation or Cutback 


Decision clue next month; Air Force hopes to use 
most Dyna-Soar funds for its own Gemini program. 

By Edward H. Kolcum 

Washington— Air Force expects the X-20 (Dyna-Soar) boost glider program 
to be canceled or cut back to a feasibility study next month but hopes to 
use most of the X-20 money for a Gemini spacecraft program of its own, 
with Air Force capsules, pilots and flight controllers. 

Final decision in a Defense Dept, evaluation that began 18 months ago 
is expected next month, after Defense Secretary Robert S. McNamara’s visit 
Mar. 11 to the Boeing Co., developer of the glider, and other contractors. 
McNamara’s trip is expected to include the McDonnell Aircraft Corp. plant 
at St. Louis, where the two-man Gemini capsule is made. 


McNamara is being briefed this week 
on the X-20 program by divisions of the 
Air Force Systems Command and Boe- 
ing officials. Air Force already is a jiart- 
ncr with the National Aeronautics and 
Space Administration in the Gemini 
program, but in a limited way. The S30 
million Air Force now plan's to spend 
for Gemini in Fiscal 1963 and Fiscal 
1964 funds was reprogrammed from 
the X-20 project. NASA’s part in the 
program in these two fiscal years totals 
S581.7 million. 

What Air Force would like to see- 
whether or not the X-20 is canceled 
—is a broader participation in the joint 
Gemini program, and eventually a sep- 
arate Gemini program of its own. geared 
to manned interception of satellites. 
Titon 3 Future 

Optimism over the chance of a larger 
role in Gemini if the X-20 is canceled 
is tempered by the possibility that the 
death of Dyna-Soar might endanger the 
future of the Titan 3 launch vehicle. 

The X-20 is the only payload now as- 
signed to Titan 3 although the vehicle 
probably will be used for advanced pay- 
loads such as heavy reconnaissance and 
ferreting satellites and synchronously- 
orbiting communications satellites. 

Frequent ups and downs of the X-20 
(AW Oct. S, p. 86) have succeeded in 
generally keeping the program off bal- 
ance. If the original program approved 
in early 1960 had been followed, first 
flights would be made next year. Most 
optimistic first flight date is now 1966. 
later than the first three-man earth- 
orbiting Apollo missions. 

Air Force and Boeing have been un- 
successful in convincing Defense Dept, 
to give X-20 a mission. Among mis- 
sions proposed were rescue, reconnais- 
sance, ferry vehicle for space stations 
and manned interceptors. 

X-20 could provide two key tech- 
nological advancements which cannot 
be met by Gemini or Apollo: 

• Maneuvering during re-entry. Both 


Gemini and Apollo will have offset cen- 
ters of gravity resulting in aerodynamic 
lift for maneuvering, but only after re- 
entry. Lift/drag ratio of Gemini is 
0.25, and the vehicle has a 500-mi. by 
200-mi. landing footprint. Apollo lift ' 
drag ratio is 0.5, providing a 5,000-mi. 
by 400-mi. landing footprint. Dyna- 
Soar has a 2.0-2.5 lift drag ratio. Land- 
ing footprint after a single orbit is de- 
scribed as "any airfield between Pt. 
Barrow and San Diego.” 

• Radiation-cooled structures, which 
the X-20 would be first to use. Mercury, 
Gemini and Apollo rc-entrv vehicles use 
ablatively-coolcd structures, and missile 
nose cones have been built of either 
ablative materials or heat sinks. 

enters into the decision on the fate of 
the X-20. and it boils down to whether 
exploring these two technological areas 
is worth the S800 million it would cost 
for the entire X-20 program. Some 
USAF officials close to the program con- 
cede that the technology could be estab- 
lished through other projects, but not 

Hypersonic cruise vehicle (AW Feb. 
1 1, p. 26) used as a single-stage to orbit 
system, may explore the maneuvering 
re-entry and radiation-cooled structure 
technology, as well as closing the re- 
search gap between the X-15 flight cor- 
ridor and that of orbiting vehicles. Con- 
figuration and subsystem work already 
done on the X-20 may be the basis for 
a hypersonic vehicle system. 

If the anticipated cancellation or cut- 
back of Dyna-Soar takes place, the bat- 
tleground for the military space pro- 
gram shifts to Titan 3 and Gemini. 
USAF thought it made a strong ease 
for heavy participation in Gemini and 
considered Gemini an optimum testbed 
for manned satellite interceptor com- 
ponents, such as sensors, ferreting de- 
vices, cameras and "negation” devices. 

The Inspector program, formerly 
called Saint, has been reactivated with 


USAF Gemini participation after Saint 
had reverted to a simple demonstration 
of rendezvous. Saint program was can- 
celed as soon as it became apparent that 
Gemini would fly and demonstrate 
rendezvous before Saint could perform 
these missions. AFSC’s Space Systems 
Div. continues to seek industry advice, 
however, should Gemini not become 
the basis of the Inspector satellite. 

Air Force would like to buy Gemini 
capsules, fit them with military experi- 
ments and fly them with USAF pilots. 
With its own program. USAF feels it 
can control flight tests and obtain 
manned spate flight management ex- 
perience— which only NASA has at the 

Under terms of the Defense Dcpt.- 
NASA Gemini agreement. NASA con- 
trols tile capsule development and 
flights. NASA has said it has no objec- 
tion to Air Force’s keeping open the 
Gemini production line at McDonnell 
after the civilian agency’s order of 15 
capsules is filled. Probably as early as 
the third or fourth flight. USAF will 
participate in the program by furnish- 
ing experiments and co-pilots. But 
since it is still NASA’s program. NASA 
will manage it and exercise final flight 
control. USAF is responsible for the 
Titan 2 Gemini launch vehicle and 
Agena D target vehicle development. 
Brown's Position 

Problem of USAF buying its own 
Gemini program is complicated by the 
position of Dr. Harold Brown, director 
of defense research and engineering, 
that there is no requirement for military 
man-in-space. If this view persists, 
Gemini could represent the beginning 
and end of military manned space flight 
for the near future. One USAF observer 
summed up the situation with this view- 
point: "Air Force has a long way to go 
before we paint Gemini blue." 

Since the X-20 program was started. 
Congress has appropriated S300.8 mil- 
lion for it through Fiscal 1963. Much 
of this money remains unspent, and 
total payments to Boeing through last 
November for design, development and 
fabrication of the glider had totalled 
only S120 million. Anticipated value of 
the Boeing contract through delivery of 
an unspecified number of gliders is 
S350-S375 million. 

Titan 3 and the ambitious test sched- 
ule for the launch vehicle laid out last 
week (see p. 27) could be affected unless 
Air Force tics some additional high- 
priority payloads to the vehicle. USA If 
is pushing Titan 3 as a standard launch 
vehicle, with Titan 3A able to lift 

5.000 lb. into orbit, and Titan 3C up to 

25.000 lb. in orbit. 
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Titan 3 Launches to Begin in Fall, 1964 


Bv George Alexander 

Cape Canaveral. Fla.— Air Force plans 
to launch 17 Titan 3 boosters, starting 
in Autumn of next year, during a 45- 
month flight test program which will 
develop and man-rate this military space 
vehicle. 

Col. Joseph S. Blevmaicr, director of 
the officiallv-designated 624A program 
(AW May' 21. p. 9S) at Air Force 
Systems Command's Space Systems 
Div.. said here Feb. 1 5 that the 17 
vehicles will include five Titan 3A and 
12 Titan 3C configurations. Titan 3A 
version consists of a modified two-stage 
Titan 2, called the core, plus a new 
third stage, called the transtage. It lias 
a payload capacity of 5.800 lb. Titan 
>C consists of a Titan 3A plus two 
8 5-f t. -long. 1 20-in.-dia. solid propellant 
motors affixed to the side of the core. 
It has a payload capacity of 25.000 lb. 

Five Titan 3A vehicles will be flown 
first and will be launched from Pad 20. 
formerly a Titan 1 stand, here. The 
stand is expected to be ready in time 
for the first 3A launch, scheduled for 
the last quarter of 1964. 

Of the five orbital flight regimes con- 
sidered for Titan 3-low elliptical earth 
orbit; low circular earth orbit; low circu- 
lar earth orbit with a Hohmann transfer 
ellipse into higher earth orbit; synchro- 
nous earth orbit; and escape-tire first 
two 3A vehicles probably will be pro- 
gramed only to demonstrate the sys- 
tem’s capability in the first, and pos- 


sibly second, regimes. Third, fourth and 
fifth Titan 3As probably will be used to 
exercise the system in the second, third 
and fourth regimes, with the fifth- 
escape— dependent upon the payload. 

Col. Blevmaicr, whose nomination to 
the rank of Brig. Gen. was before the 
Senate last week, denied that there were 
any specific payloads now programed 
for the Titan 3s aside from the X-20 
(Dyna-Soar) spacecraft. He said that 
primary purpose of these 17 launches 
will be to qualify and man-rate the 
launch system and that any payloads— 
either of USAF, another military 
agency or the National Aeronautics and 
Space Administration— could be flown 
on a piggyback basis. Another USAF 
project officer said that the primary 
purpose of the five Titan 3A launches 
will be to proof-test the transtage. 
which has never yet been flown, and the 
modified Titan 2. 

Transtage, built by the Martin- 
Marietta Corp.. builder of the Titan 2 
core and 624A system integrator, will 
be powered by two Aerojet-General 
pressure-fed engines of 8,000 lb. thrust 
each, with ablative nozzles. Transtage 
is expected to be about 16 ft. long, in- 
cluding a guidance and flight control 
module. Propellant tankage of the 
transtage. which will bum nitrogen 
tetroxide and hydrazine as do the two 
stages of the Titan 2 core, will account 
for about 10 ft. of this figure. Diameter 
of the transtage will be 120 in., same 
as the Titan 2. 


Exact performance characteristics of 
the transtage have not vet been di- 
vulged. but one observer said that it will 
be capable of changing its payload's 
orbital plane from equatorial to polar. 
Propulsion system of the unit will be 
capable of multiple re-starts, although 
this was not clarified beyond one offi- 

two" re-ignitions of the transtage en- 
gines. Col. Blevmaicr said that the 
transtage could coast up to 5.5 hr. bc- 
tween engine starts. 

hirst Titan 3C launch, according to 
Col. Blevmaicr, probably will take place 
early in 1965. First several 3C launches 
probably will test starting characteristics 
of the Titan 2 first stage Aerojet en- 
gines at altitude. These modified en- 
gines will be ignited after burn-out of 
the United Technology Center solid- 
propellant motors. Precise altitude at 
which ignition will occur will depend 
on the mission trajectory, but will never 
be lower than the area of maximum 
dynamic pressure-30,000 to 40.000 ft. 

On later 3C launches, one source 
told Aviation Week and Space 
Technology, it is more than probable 
that rendezvous maneuvers will lie at- 
tempted. USAF has indicated that the 
launch vehicle system could be used 
for communications satellites, manned 
satellite inspectors and manned space 
stations. Connection of a specific mili- 
tary payload to a specific booster, aside 
from the X-20 project, is understood 
to carry a classification of Secret under 
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the terms of last year’s Defense Dept, 
space secrecv directive (AW May 21, 

p. 26). 

Col. Bleymaier, Maj. Gen. Ben I. 
Funk, commander of Space Systems 
Div.. and other USAF officers were here 
to witness the formal beginning ol con- 
struction on the Intcgrate-Transfcr- 
Launch (ITL) facility, which they 
termed as essential a part of the over- 
all 624A system as the launch vehicle 
itself. Facility will consist of four man- 
made and inter-connected islands in the 
Banana River, which flows between the 
Defense-owned Cape Canaveral reserva- 
tion and the NASA-owned Merritt Is- 
land Launch Area: 

• Titan 2 assembly and system launch 
control area. 

• Solid propellant motor assembly and 
integration area. 

• Receiving, inspection and maintc- 

• Liquid propellant storage area. 

The two stages of the Titan 5 core, 
the transtage. control module, launcher 
and ground support equipment all will 
be assembled vertically in a 215-ft. tall 
Vertical Assembly Building, located on 
the first of the four islands listed above. 
Assembly will be performed on a rail- 
mounted platform, which also will serve 
as the launch tabic for the completed 
vehicle. Platform will include an um- 
bilical tower. 

Ground support and checkout equip- 
ment will be housed in several boxcars 
hooked to the platform. When ready 
for launch— and no Titan 3 will leave 
the Vertical Integration Building unless 
USAF is certain that the vehicle is in a 
launch-ready condition— two Diesel en- 


gines will pull the platfonn, its Titan 3 
unfueled core and the ground support 
boxcars from the VIB. 

If the mission calls for a Titan 3C 
configuration, the Diesels will move the 
platform into a 235-ft. tall Solid Motor 
Assembly Building (S\IAB) on the sec- 
ond island. There, the five segments of 
a solid propellant engine will have been 
assembled to form a single S5-ft. long 
motor; two such motors will be placed 
on the platfonn on either side of the 
core and attached to it. If the mission 
calls for a Titan 3A configuration, the 
Diesels will by-pass the SMAB and pro- 
ceed to the launch stands, 40 and 41 . 

Launch stand 40 will be S.100 ft. 
away from the solid motor island and 
stand 41 will be 8.100 ft. further north 


S-1C Component 

Michoud. La.— First hardware compo- 
nent of the Saturn S-1C booster to be 
manufactured by the Boeing Co. was 
completed here last week and was sched- 
uled to be shipped to the National Aero- 
nautics and Space Administration’s Mar- 
shall Space Flight Center in Huntsville. 
Ala., bv the end of the week. 

Component was a 33 ft. dia.. 15,000 
lb. Y-ring which is used to join the 
elliptical domes of propellant tanks to 
the cylindrical sides of the tanks. Con- 
sidered one of the long lead-time items 
in the manufacture of the S-1C. which 
is the booster stage of the three-stage 
Saturn 5 the ring was two months in 
fabrication. It is made from three welded 
aluminum allnv billets each about 5.600 
lb., 5 in. thick and about 27 in. deep. 


of stand 40. Both stands will be on 
land contiguous to the present Cape 
reservation. 

Diesel engines will push the Titan 3 
(cither A or C configuration) and its 
platform up to a launch stand, insert- 
ing the boxcars into a fortified bunker 
adjacent to the pad . A 240-ft. tall serv- 
ice tower then will roll forward and 
enclose the Titan 3 while liquid fuel is 
loaded, electrical power provided and 
final preparations made for launch. 

This concept of operations, Col. Blcv- 
maicr said, will provide maximum use 
of launch facilities. He estimated that 
it would take five to seven days to as- 
semble a complete Titan 3 vehicle, less 
than a day to launch it, and three to 
five days to rc-furbish the stand after 
launch. Turn-around time on a stand, 
he added, should be 1 5 days or less. 

Other USAF officials estimated that 
the ITL complex could support as many 
as seven Titan 3 vehicles at one time: 
one each in stands 40 and 41, one in 
the solid motor building and four in the 
vertical building. It could support eight 
if a 3A vehicle were to be erected on 
Pad 20. Present estimate of the ITL's 
yearly launch capability is 40 to 60 
Titan 3s. These figures apply only to 
stands 40 and 41; they would be higher 
if Pad 20’s capability were added. 

Two-story launch control center will 
be built off one end of the Vertical In- 
tegration Building and will face the 
launch stands. There will be two con- 
trol rooms, each capable of launching 
a Titan 3 from either stand 40 or 41. 
Within the limitations of Atlantic Mis- 
sile Range instrumentation, two Titan 3 
vehicles could be launched almost simul- 
taneously— essential for rendezvous. 

Titan 3 core elements— i.e., the two 
stages of the Titan 2, the transtage and 
control module— will be barged into the 
ITL and received at the third of the 
four islands listed above. From there, 
they will be moved into the VIB. Solid 
propellant segments will be carried into 
the same area on a railroad spur. Florida 
East Coast Railroad will build a spur 
from the mainland of Florida into 
NASA’s Merritt Island Launch Area. 
NASA will complete the spur into its 
own industrial area; USAF will extend 
this spur into its ITL area. After in- 
spection and acceptance, the segments 
then will be transported into the solid 
motor assembly building. 

USAF had requested funds for a 
third launch stand in its 1964 budget 
but this— with a proposal to build an 
identical Titan 3 launch facility at Van- 
denberg AFB, Calif.-was refused by 
Defense Dept, Third stand at Cape 
Canaveral is being held in abeyance un- 
til a requirement is demonstrated cither 
for a higher frequency of launchings or 
that three separate payloads must be 
orbited in a single day. 
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British Planning Blue Steel Replacement 


By Herbert J. Coleman 

London— British Defense Ministry, 
which last week said it would increase 
the 1963-64 defense budget by S325.3 
million, is developing a new nuclear 
standoff air-to-surface weapon to replace 
the 200-mi. range Avro Blue Steel now 
becoming operational with Royal Air 
Force V-Bombers. 

Only details revealed to date are that 
the weapon has been under develop- 
ment for the Blackburn Buccaneer 
naval strike fighter and the still-sccrct 
TSR.2 low-level strike reconnaissance 
fighter. The weapon is being adapted 
for a nuclear warhead and probably also 
will have low-level launch capability. 

In effect, the move narrows the nu- 
clear strike gap between the V-bombers’ 
effective life and the operational date 
for British Polaris submarines in 196S- 
69 (AW Jan. 21, p. 38). 

In a White Paper on defense, which 
surprisingly did not discuss future 
policy, the Ministry said it will spend 
$5,145,500,000 on Britain's defense ef- 
fort, an increase of S325.5 million over 
last year. 

Breakdown is; Royal Navy, $1,234,- 
700,000, up $52.3 million; Roval Armv. 
$1,374,900,000. down S92.T million: 
Royal Air Force, $1,409,000,000. down 
$137 million; Ministry of Defense. 
$55.9 million, up S4.3 million; build- 
ings and works, a new department. 
$410.6 million; Ministry of Aviation, 
$645.3 million, up S73.3 million, and 
Atomic Energy Authority, $15.1 mil- 

Entire budget is based on closer 
integration of the three services, under 
the policy adopted by last year’s five- 
year defense plan (AW Feb. 26, 1962, 
p. 36). In re-equipment, the newest in- 
novation will be accelerated develop- 
ment of the vertical takeoff and landing 
(VTOL) airplanes, with initial con- 
centration on use of the Hawker P.l 127 
by all three services. The supersonic 
P.1154 fighter will follow. 

Officials said the P.1154 will become 
the replacement for the Hawker Hunter 
jet fighter, now being modified for a 
low-level strike role. VTOL aircraft 
robably will be powered by the Bristol 
iddeley BS.100 vectored-thrust engine, 
although Rolls-Royce has submitted a 
design calling for two vectored-thrust 
Spey turbojets. 

Decision also has been to develop a 
British short takeoff and landing 
(STOL) tactical transport to replace the 
Blackburn Beverley and Handley Page 
Hastings, now in use. Designated OR- 
351. the specification has been ap- 
parently downgraded, as predicted by 
Aviation Week and Space Tech- 


nology (Feb. 11, p. 40), in view of 
the emphasis on the words "British" 
and "short takeoff" rather than com- 
plete VTOL as originally planned. 

In a reference to RAF Bomber Com- 
mand. the Ministry said special meas- 
ures were being taken to improve the 
operational capability of the V-bomber 
force using the TSR.2 nuclear weapon, 
to stretch effective life up to Polaris 
integration. 

Weapon also mav be used to comple- 
ment Blue Steel in tactical use, the 
Ministry said. The TSR.2 is scheduled 
to make its first flight late this year. 
The program has slipped about six 
months, primarily due to troubles with 
sub-service installations. Initial order 
is for 20 aircraft, but this probably will 
be expanded considerably. 

Reason for the drastic cut in the 
Royal Air Force budget was buried in 
small type deep in the estimates sec- 

Major cut is in the procurement of 
aircraft and stores, including engines 
and non-technical stores, although the 
Ministry said some of the reduction is 
expected to be offset by increased 
spending on radios, instruments and 
other technical equipment, and from 
sales of equipment. Supplies procure- 
ment also was cut, primarily in aviation 
fuel spending. 

Strength of the RAF also will be 
gradually reduced. Present total strength 
is 143.500, a cut of 5.400 under last 
year, and the projection to Apr. 1 , 1 964, 


T-37Bs for COIN 

Cessna Aircraft Co. will modifv two 
T-37B trainers by installing more power- 
ful engines along with other changes to 
make them suitable for low-level counter- 
insurgency warfare as a result of interest 
shown by USAF's Special Air Warfare 
Center, Eglin AFB. Fla. Contract is ex- 
pected to be let soon. 

USAF interest stems from evaluation 
conducted with two T-37Bs last year at 
Eglin. Indications arc that final engine 
selection has not yet been determined— 
the present l,025-lb.-thrust Continental 
J69s could be replaced cither by a more 
powerful version of the J69 or by GE 
J85s. Additional fuel capacity would 
also be provided. 

Indications arc that USAF also will 
procure additional T-37B trainer aircraft 
and is considering buying 83 in Fiscal 
196-1 and 119 in Fiscal 1965. This 
would entail increasing T-37B produc- 
tion from 4 to 10 monthly by September, 
1964. Defense Dept, also is considering 
additional purchase of T-37Bs for mili- 
tary assistance program. 


is a further reduction to a total of 
137.200. 

Royal Air Force will continue to be 
responsible for maritime reconnaissance, 
using the Shackleton piston-engine 
bomber. The Ministry said studies of 
an eventual replacement, called OR- 
350. are in progress. However, this re- 
quirement is now on a low-priority basis 
and there is no immediate hope for the 
jet-powered recon aircraft desired bv 
RAF. 

There arc no requirements for a new 
fighter, aside from TSR.2. and Fighter 
Command will continue to use the Eng- 
lish Electric Lightning, which will be 
modified to a Mark 3 version fitted with 
the dc Havilland Red Top heat-seeking 
missile. In addition, the RAF all- 
weather squadrons, using Javelins, have 
been re-equipped with Red Top's prede- 
cessor. the de Havilland Firestrcak, and 
are now operational in Germany. 

The Ministry revealed that the Mark 
2 version of the Bristol Bloodhound 
missile assigned to RAF will be air-trans- 
portable. Mark 2 will enter service with 
RAF next year. 

Defense Ministry, noting that the 
total budget remains within the target 
figuie of 7% of Great Britain’s gross na- 
tional product, said total manpower at 
present is 432.700. This will increase 
to 433.700 by Apr. 1. 1964. 

Major reason for increase in Roval 
Navy’s budget is the decision to make 
Polaris the primary nuclear deterrent 
weapon. 

One new British aircraft carrier is 
being developed, with use of the P.l 1 54 
VTOL fighter figuring in the design. 
The nation now has four operational 
carriers, the Ark Royal. Victorious. 
Hermes and Centaur. The new carrier 
will replace the Victorious. 

In the missile field. Roval Navv is 
bringing Sidewinder air-to-air missiles 
into service on its Scimitar all-weather 
jets, and has ordered the Nord SS.l 1 for 
assault helicopters. Martin Bullpup mis- 
siles will be installed on the Buccaneer, 
now entering squadron service on the 
Ark Royal. 

Defense Minister Peter Thorneycroft 
said the first Polaris submarines will 
utilize center sections of U.S. Polaris 
submarines, with Britain building fore 
and aft sections, using as much as pos- 
sible of state-of-the-art techniques in 
British nuclear submarine development. 

British army will beef up its anti-tank 
warfare strength, using the Vickers 
Vigilant weapon, and a new Swedish 
anti-tank weapon, the Carl Gustaf, for 
infantry companies. Airlift capability 
will be considerably expanded when 
the military version of the Avro 748 
enters service, the Write Paper said. 
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NASA Comsat Aid Opposed in Congress 


Bv Katherine Johnson 

Washington— Congressional opposi- 
tion is developing to further financing 
of communications satellite programs 
bv National Aeronautics and Space Ad- 
ministration. 

The argument, emphasized at a pub- 
lic hearing last week by Sen. John O. 
Pastore (D.-R. I.). is that U. S. Com- 
munications Satellite Corp.. recently in- 
corporated to operate a system on a 
profit-making basis (AW Feb. 4. p. ill. 
should assume the risk and responsi- 
bility from this point on. 

Pastore beads the commerce com- 
munications subcommittee, which held 
two days of briefings on the successful 
performances of the medium-altitude 
Telstar and Relay satellites and the dis- 
appearance of the high-altitude Syncom 
satellite about five hours after Its IamietT 
on Feb. 14 (AW Feb. 18. p. 34). 

Preliminary analyses indicate a failure 
cither in the kick rocket, designed to 
push the satellite from an elliptical to 
a synchronous circular orbit, or in its 
telemetry svstem. according to NASA. 

Lt. Col. Robert E. Warren. NASA’s 
deputy director of communications sys- 
tems. said this to the Pastore subeom- 

"We know that Syncom is in orbit. 
If the apogee motor did not fire, it is 
still in the elliptical orbit, and will even- 
tually be found, either by optics or by 
radar. If apogee motor did fire. Syncom 
is in a very high altitude orbit, and 
without telemetry, there is only a slim 
chance that it will be found. A search 
has been organized which will continue 
until it is found, or further search seems 
unwarranted. If it is found, we will have 
another chance to try out the command 
system, and if it works, we would again 
be in business.” 

NASA’s program for continued re- 
search into low and medium-altitude 
systems and a major effort to develop 
a high-altitude system were defended 
bv Hugh L. Dryden, deputy administra- 
tor of NASA, tie compared this effort, 
which will contribute to Defense 
Dept.’s communications satellite pro- 
gram (AW Nov. 19. p. 1171 as well as 
to Communications Satellite Corp.. to 
the government support given the air- 
line industry in the field of air safety. 

NASA's Fiscal 1964 budget includes 
$1.9 million for Relay, built by Radio 
Corp. of America. $4 million for the 
50-lb. Syncom 1. built by Hughes Air- 
craft Co., and S40 million for a 500-lb. 
advanced synchronous communications 
satellite system. 

Although Pastore managed Senate 
passage last year of the legislation au- 
thorizing private operation of a com- 


munications satellite system, against the 
detennined opposition of government 
ownership advocates (AW Aug. 20. 
p. 36). he warned last week that Con- 
gress will take “a very hard look” at any 
further government outlays for commer- 
cial satellites. 

When he assumed sponsorship of the 
private ownership bill. Pastore declared, 
it was because he had been led to be- 
lieve the company would take over the 
financial risks of development, lie said 
that NASA's plans give credence to the 
opposition argument that "we ought to 
wait and -see what we are giving away.” 

NASA's financing, now primarily for 
Syncom, was endorsed at the subcom- 
mittee session by Sen. Ralph Yar- 
borough (D.-Tcx.), one of the leaders of 
last year's opposition, which contended 
the private corporation would be doini- 
iTfft&l By VfiiYertcin Telephone & Tele- 
graph Co. Yarborough commented 
that the government initially has sup- 
ported “the railroad and almost every 
other industry.” 

Pastore and other supporters of the 
Communications Satellite Corp. have 
been inclined to favor moving forward 
with a Telstar or Relay-type system, 
rather than await perfection of a Syn- 
com-type system. 

Experiences with Telstar and Relay. 
Dryden told the subcommittee, have 
reinforced the opinion that “considera- 
ble" research and development must 
still be performed before economic 
operational systems can be established. 

James E. Dingman, executive vice 
president of AT&T, estimated that it 
would be three to four years before a 
commercial system of IS medium- 
altitude satellites— 6.000-7.000-mi. or- 
bits-could be established. About 50 
would be required for worldwide cover- 

°The 12 directors of Communications 
Satellite Corp. are now arranging credit 
with several banks for interim financing. 
Stock issuance to the public and com- 
munications carriers is at least several 
months off. 

Twenty-four small telephone com- 
panies have filed with the Federal Com- 
munications Commission for authoriza- 
tion to purchase from the 50% of the 
corporation’s stock earmarked for com- 
munications common carriers. The 
other 50% will be offered to the public. 
Dingman confirmed AT&T's general 
intention to invest. Before going for- 
ward with investment planning. AT&T 
is awaiting further development of the 
satellite corporation. 

These were highlights of the reports 
on Telstar and Relay: 

• Telstar. A second failure of Telstar in 
the near future, due to radiation effects, 


was anticipated by Eugene F. O'Neill, 
director of the Satellite Communica- 
tions Laboratory of Bell Telephone. 

Launched July 10. Telstar worked 
perfectly until signs of trouble were in- 
dicated Nov. 20. On Nov. 23 the satel- 
lite failed, due to radiation effects. 
Treatment restored Telstar to perfect 
operation on Jan. 3 (AW Jan. 4. p. 32). 
Malfunctioning of the decoder, the 
first sign of trouble last Nov. 20, ap- 
peared again Feb. 5, O’Neill said. 

The radiation intensity inside Telstar 
has been as much as 100 times greater 
than anticipated when the satellite was 
launched into an elliptical orbit of 600 
to 3,500 mi. A slight increase in radia- 
tion. due to Russian atomic explosions, 
was detected, but lasted a few days, 
Dingman reported. He said there is no 
explanation as to why the radiation ex- 
posure of' Telstar was so many times 
greater than calculated. 

• Relay. NASA expects to require a re- 
design of Relay’s regulator-switch sys- 
tem which apparently permitted power 
drains on the batteries and resulted in 
two operational failures of the satellite. 

NASA analysis has indicated that 
when the battery voltage dropped to a 
sufficiently low level, a subsystem in 
Relay’s communications system ceased 
operating. With the power drain re- 
duced. the batteries then re-charged. 

Relay's operations first suspended 
shortly' after launch on Dec. 13 (AW 
Dec. 24. p. 24). The system turned on 
briefly Dec. 27. but the batteries again 
drained. Under a procedure to regulate 
the critical voltage regulator-switch, 
Relay has been kept in successful opera- 
tion since it turned on again Jan. 2. 

Launches of second Telstar and 
Relay satellites are scheduled for the 
March-May period. 

E-2A Perforins First 
Automatic Intercepts 

Washington— Navy-Grumman E-2A 
Hawkeye airborne early warning and 
combat intercept control (CIC) center 
successfully conducted its first fully 
automatic intercepts early this month. 

Working with McDonnell F-4B 
fighter aircraft off the New Jersey coast 
Feb. 4-6. controllers in the develop- 
ment aircraft were able to detect distant 
targets, and, without voice transmis- 
sions of any kind, direct the F-4Bs to 
intercept and attack the targets. 

The E-2A, designed to operate from 
aircraft carriers, is the first Navy aircraft 
to incorporate automatic control fea- 
tures. Its carrier-based predecessor, the 
Crumman E-IB, uses manual or voice 
control procedures to control intercepts. 
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Turboprop YAT-28E Makes First Flight 

YAT-28E, turboprop version of North American Aviation T-28 trainer designed for counter-insurgency operations (AW Feb. 4. p. 27), 
made a successful one-hour first flight Feb. 15 at the company's Columbus (Ohio) Div. George W. Hoskins, chief test pilot for the divi- 
sion. was at the controls. Aircraft can carrv a load of heavy bombs, detachable .50-cal. machine gun pods and wing-tip mounted Side- 
winder air-to-air missiles. Following flight tests by NAA, the plane will be turned over to USAF for additional testing and evaluation. 


Sen. Case Seeks Watchdog Unit 
For Military, Space Contracts 


Washington— Sen. Clifford P. Case 
(R.-N. ).) plans to introduce this week 
a bill requiring fuller disclosure of de- 
fense contract information. including 
justification for awards, and establish- 
ment of a House-Senate committee to 
review military and space negotiated 
contracts, 

"There is clearly a growing feeling 
that considerations other than actual re- 
quirements and absolute economy are 
entering into the selections of success- 
ful bidders on contracts." Sen. Case 
said. Campaign statements and press re- 
ports "tend to confinn this feeling that 
politics, influence and other extraneous 
considerations arc involved in the se- 
lection of contractors." 

Sen. Case— a member of the Armed 
Services. Appropriations and Astro- 
nautics and Space Sciences commit- 
tees— said his bill will be designed to 
require: 

• Public record of all ex parte communi- 
cations. written or oral, regarding de- 
fense and space contracts. 

• "Full and complete public disclosure 
of the basis on which a negotiated con- 
tract award is made.” except for classi- 
fied information. 

• Joint watchdog committee consisting 
of one Democrat and one Republican 
from each of these four committees: 
armed services, appropriations, govern- 
ment operations and space. The joint 
committee would have a permanent 
staff. 

Although lie did not include it in the 
bill. Sen. Case said he would press for 
tightening of the 1946 act regulating 
lobbyists so that contractors' representa- 
tives would have to register. "The 


enormous number of people that are 
constantly in the Pentagon from our 
greatest contractors and all over Wash- 
ington, now ought. 1 think, to be 
registered as lobbyists," lie said. "And 
there’s nothing wrong with lobbying so 
long as the facts— their interests and 
what they’re doing— are known." Several 
bills to reform the lobbying act have 
been introduced in past years, but none 
has been enacted. 

The senator said he was especially 
disturbed about these recent negotiated 
contract awards: 

• F-lll (TFX). Contract went to a 
team of General Dynamics and Grum- 
man. rather than Hoeing. Investigating 
committee headed by Sen. John L. 
McClellan (D.-Ark.) is trying to find 
out whether the award was technically 
justified or whether political pressure 
dictated the choice (AW Feb. IS. p. 
25). Sen. Case said the award reversed 
the decision of evaluation panels. 

• Moliole project. Brown & Root. Inc., 
of Houston, Tex., has been selected to 
plan and manage this project, in which 
deep hole will be drilled in the ocean 
floor to help determine the composition 
of the inner earth. No specific amount 
has been set on the contract, but the 
National Science Foundation, in an- 
nouncing the award, estimated it would 
run between $35 million and $50 mil- 
lion. while Sen. Case said it would cost 
S43.6 million over five years. 

"One NSF panel." Sen. Case said, 
"rated this finn third best in a field of 
three and another NSF panel rated 
four firms as better qualified." Brown & 
Root also was awarded one of the con- 
struction contracts for the National 


Aeronautics and Space Administration’s 
Manned Spacecraft Center in Houston, 
Tex. Chairman Albert Thomas (D.-Tcx.) 
of the House space appropriations sub- 
committee pressed for locating the 
space center in Houston. 

"The final decision in either or both 
these cases may have been completely 
sound." Sen. Case said. “But under 
present limited disclosure practices it is 
impossible for the public to judge. A 
full disclosure of all relevant facts 
would benefit everybody. An informed 
public opinion would exert irresistible 
weight in support of decisions which 
arc soundlv based and against those 
which arc hot.” 


Parallel ICBM Studies 

Current status of USAF Ballistic Sys- 
tems Div.'s adsanced ICBM analysis 
(AW Jan. 21. p. 23) include these paral- 
lel study efforts: 

• Fairly warning systems— North Ameri- 
can Space and Information Systems 
Div. and Hughes Aircraft. 

• Adsanced packaging encapsulation 
techniques— Lockheed Missiles and Space 
Co. and General Dynamics/ Astronautics. 

• Large payloads— Martin Co. and Space 
Technology Laboratories. 

• Radio inertial guidance — IBM and 
Ccncral F.lectric Co. 

• Global ranging guidance— Anna and 
IBM. 

• Dormant missile guidance— AC Spark 
Plug and Sperry Rand. 

Command and control will be studied 
by a single contractor— Radio Corp. ol 

Studv areas still requiring contractor 
selection include long-range (global) 
missiles, extended (global) deployment, 
and hardened mobility related to small 
ICBMs which may be conducted in- 
house by BSD. 


34 


AVIATION WEEK 8. SPACE TECHNOLOGY, Februory 25, 1963 



ECIVB 


Modern electronic countermeasures are an impor- 
tant deterrent and intelligence tool for the military 
services. "Ferreting" ECM systems— for the detec- 
tion, location and analysis of foreign electromag- 
netic radiation associated with radar, missile 
command and communications— are a demon- 
strated capability of Babcock's Military Products 
Division, where operational ferreting systems are 
in production for the Navy. Babcock's skilled team, 
with an established reputation for providing field- 
ready reliability in a wide range of military-qualified 
electronic systems and components, is conducting 
advanced research and development to provide 
solutions to new problems in ECM. 


BABCOCK 


BABCOCK ELECTRONICS CORP. 

1640 Monrovia Avenue, Costa Mesa, California 



Pfaudler expands capabilities 
for oxidation-resistant coatings 
on high-temperature hardware 



If you are faced with the problems of protecting re- 
fractory metal parts from oxidation in the 300CTF. 
plus range, look to Pfaudler. 

Experience under several government contracts 
has substantially extended the scope of Pfaudler's 
own R&D efforts and facilities to produce high- 
temperature protective coatings. Current coating 
methods used include fluidized bed (patent applied 
for) and pack cementation process. Other lesser 
known techniques are under investigation. 

A PFAUDLER 

Specialists in FLUIDICS . 


For those coating methods where prior work has 
established reliability, scale-up procedures and the 
coating of components for aerospace re-entry ve- 
hicles are underway. The chart above lists average 
test results with coated refractory metal alloys. 

Pfaudler capabilities in this field can be of sig- 
nificant help in solving your high-temperature oxi- 
dation problems. For consultation on your specific 
questions, call or write our Pfaudler Division, 
Rochester 3, N. Y. (Area Code 716, BE 5-1000). 

PERMUTIT INC. 

. . the science of fluid 
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NASA Asks $800 Million for Construction 


By Alfred P. Alibrando 

Washington— Massive buildup of 
launch and support facilities for the 
Apollo manned lunar flight program 
is reflected in the record high $800 
million the National Aeronautics and 
Space Administration is requesting for 
construction in Fiscal 1964. 

Large-scale construction of facilities 
began in Fiscal 1962. when S55S.1 mil- 
lion was appropriated. In Fiscal 1963. 
with construction under wav at Manned 
Spacecraft Center in Houston and on 
new launch facilities at Cape Canaveral, 
S737.4 million was appropriated. 

Present plant value of NASA prop- 
erty is approximately SI .2 billion. If the 
$800 million requested for Fiscal 1964 
is appropriated. NASA will receive more 
for facilities in two years than it and its 
predecessor did in the previous 43 
years. Most of the money requested 
tins vear is for continuation of work 
started last vear. 

This is the centcr-by-center break- 
down of construction funds requested 
for Fiscal 1964: 

• Launch Operations Center— NASA is 
asking S312.8 million for construction 
of facilities at Cape Canaveral. This, 
together with the S443.1 million spent 
or obligated in the two previous years, 
represents an investment of more than 
three quarters of a billion dollars over 
a three-year period. 

Most of the S312.8 million requested 
for Fiscal 1964 will go into Saturn 3 


launch complex No. 39 and Saturn 5 
support facilities. For continuation of 
work on complex No. 39. NASA is 
asking $217.2 million, and $9.3 million 
for work on Saturn 5 support facilities. 
These include a vertical assembly build- 
ing. flight crew quarters, spacecraft 
support personnel quarters, medical dis- 
pensary. launch control center, space- 
craft operations control room, engineer- 
ing shop, instrumentation facility, 
launch pad. crawler roadway, arming 
tower, and buildings for fuel storage, 
data processing and tracking equipment. 

NASA has acquired or is buying SS.- 
000 acres of land adjacent to the present 
13.000 acres on which the Atlantic 
Missile Range complex is built. The 
Saturn 3 launch complex is being built 
on the land north of the Air Force-con- 
trolled launch area. The Saturn 5 
launch complex will be served by rail 
lines and a barge channel. 

• Marshall Space Flight Center— Next 
to launch facilities, booster development 
will require the largest funding in Fiscal 
1964 for construction. NASA is re- 
questing SI 11.6 million for the Missis- 
sippi Test Facility, which is operated 
by Marshall. Largest portion of the 
Slll.fi million is for static test stands 
for Saturn 3 stages and for the Rocket- 
dyne F-I engine that will power these 
stages. A total of $35.9 million is sought 
for static test facilities for S-1C. the 
Saturn 5 first stage. S19.1 million for 
test facilities for the S-2 second stage 
and S9 million for an F-l stand. 


Budget request for Marshall totals 
$38.4 million, the largest item being 
$5 million for utility installations. Most 
of the money requested is for additions 
to or expansion of existing facilities, or 
for continuation of improvements al- 
ready under way. 

Marshall also has responsibility for 
the Michaud plant, where the first 
stage of the Saturn 3 will be assembled. 
NASA is requesting S10.S million for 
Michoud, So million of it for additions 
to existing production facilities. 

• Manned Spacecraft Center— NASA re- 
ceived $112 million in Fiscal 1962 and 
1 963 for construction of facilities at the 
Manned Spacecraft Center. In addi- 
tion. about S21 million was repro- 
gramed from other funds this year 
for construction of a Mission Control 
Center. NASA said it pushed the con- 
trol center ahead of schedule so it 
would be readv for Gemini flights in 
1964. 

Of the $37.7 million requested in the 
Fiscal 1964 budget. S8.4 million is for 
the Mission Control Center: S7.4 mil- 
lion for environmental and antenna test 
facilities; S6 million for a spacecraft 
control technology laboratory; $5 mil- 
lion for shops and other support facili- 
ties; $2.9 million for an atmospheric 
re-entry materials and structures evalua- 
tion facility; S2.6 million for an ultra 
high vacuum space chamber; and $2.2 
million for a mission simulation and 
training facility. 

Heavy funding of construction at the 
Manned Spacecraft Center will end 
with this year’s request. 

• Lewis Research Center— Total con- 
struction request is S23.8 million, most 
of it for alterations, improvement and 
additions to the existing plant at Cleve- 
land. New facilities requested arc a zero 
gravity chamber, $2.6 million: Snap 8 
assembly and spacecraft checkout build- 
ing. S3 million; propulsion component 
evaluation facility. SI million; and pro- 
pellant flow facility. $1.3 million. 

Facility for testing for Snap 8 power 
source will contain liquid metal sys- 
tems, a white room, nuclear materials 
storage, health room, instrument shops 
and cold soak equipment. The 30-kw. 
Snap 8 power source is scheduled to fly 
in 1967. NASA points out that the 
cost of the ground test equipment, in- 
cluding the building, will be much less 
than the cost of the flight program. 
Cost of Saturn boosters, a single item, 
will run more than $25 million. 

• Goddard Space Flight Center— Ten 
buildings have been completed, 10 
buildings or facilities are under con- 
struction and four facilities are proposed 
in the Fiscal 1964 budget estimates. 

The S20.9-million Goddard construc- 


NASA Construction Funding Breakdown 


142.4(1) 

16.1(2) 

1S9.6 


Location 
Launch Operations Center 
Mississippi Test Facility 
Marshall Space Flight Center 
Manned Spacecraft Center 
Lewis Research Center 
Goddard Space Flight Center 
Nuclear Rocket Development Station 
•s Research Center 
Michoud Plant 
Langley Research Center 
Jet Propulsion Laboratory 
'it Research Center 
lops Station 
Tracking stations and other construction 
outside of centers 


Totals (4) 

'laut value of the Marshall Spac 
Test Facility. 

(21 Manned Spacecraft Center is still under construction. 

(3) Value of Nuclear Rocket Devclopmi ul Station repress 

(4) Some minor items were omitted from tabulation and 


FY64 

S3I2.0 

111.6 


:s plant built with AEC 
tals arc approximate. 
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Ground Vibration Tests Conducted on First X-21 


First of two USAF/Northrop X-21 laminar flow control demonstration aircraft (AW Feb. 11, p. 80) has undergone vibration test- 
ing at the company's Norair Div., Hawthorne, Calif., prior to rollout and first flight. Compressor pod under each wing contains high- 
aml low-pressure unit to draw air from wing boundary layer through spanwisc slots in the wing, thus reducing friction drag on the aircraft. 


tion request includes S5. 5 million for a 
data interpretation laboratory. S5.7 mil- 
lion for a mechanical test and quality 
assurance laboratory, S4.1 million for 
a meteorological systems laboratory, and 
SSOO.OOO for an isolated hazardous test 
facility. 

Data interpretation laboratory pro- 
posed by Goddard would bring into one 
building about 400 persons now work- 
ing at several locations at the center and 
in rented space elsewhere. The new 
building would provide an integrated 
operation for data analysis and process- 
ing, development of advanced data 
gathering, telemetry and control sys- 

Mechanical test and quality assurance 
laboratory proposal includes a cylindri- 
cal 40-ft.-dia. test chamber, 50 ft. high. 
This facility would provide a capability 
for performing mechanical tests in a 
vacuum and for testing competitive 
components. 

Meteorological s\ stems laboratory' 
would bring together about 550 persons 
now working in widely scattered loca- 
tions. It would centralize research work 
on the structure, composition, motion 
and dynamics of planetary atmospheres, 
experiments in the physics of atmos- 
pheric gases, and study of data-handling 
for weather reporting on a global scale. 

The laboratory also would become a 
center for development of new or im- 
proved experiments for flight aboard 
sounding rockets, satellites and probes 
and for design and development of ad- 
vanced spacecraft electronic systems. 

Isolated hazardous test facility' would 
be used for tests on explosive devices, 
such as explosive bolts, squibs and 
primer cord, and for experiments in- 
volving radioactivity or electromagnetic 
radiation. 


• Nuclear Rocket Development Sta- 
tion-Request for new construction and 
additions or improvements at the 
Nevada station totals S20.4 million. In- 
cluded are S6.7 million for additions to 
test stands, and S9.5 million for addi- 
tions to existing support facilities and 
construction of new support facilities. 

One of the major new buildings pro- 
posed is a radioactive materials handling, 
storage and decontamination facility for 
storing spent fuel, entire or partial re- 
actor cores and highly radioactive engine 
components. It will also have an area 
known as the hot engine hold area, 
where an engine can be moved to pre- 
vent prolonged exposure of test stands 
and their associated components to 
radiation. 

• Ames Research Center— Largest item 
in the S15.0-inillion construction re- 
quest-one that may encounter some 
opposition in Congress— is S4.S million 
for a life sciences laboratory. The new 
building would house 500 scientists and 
support personnel. 

Life sciences laboratory is to provide 
space for work in three general areas: 
biotechnology research, biomedical re- 
search and exobiology— the search for 
extraterrestrial life. 

There has been some resistance in 
the House and Senate space commit- 
tees to NASA’s plans for separate life 
sciences laboratory facilities. Opposition 
is based on the Air Force's capability 
to do work similar to that proposed by 
NASA. The agency has argued that it 
has the responsibility for life sciences 
research without the in-housc facilities 
for carrying it ont. 

Ames' request also includes S5.6 mil- 
lion for a spacecraft materials laboratory 
for studying the effects on spacecraft 
materials of high vacuums, electromag- 


netic and particle radiation, re-entry 
heat and micromcteoroid impacts. 

Proposed satellite attitude control 
system test facility would cost an esti- 
mated SI. 2 million. It would be de- 
signed to simulate operation of attitude 
control systems in the space environ- 
ment. The facility is primarily a vac- 
uum chamber in which light sources 
will simulate the earth, stars, sun and 
moon to accommodate control sensors. 
The system will simulate the flight of 
a spacecraft through the placement of 
the control system on a platform sup- 
ported by a gas bearing. 

Remaining major item is SI -6 mil- 
lion for a structural dynamics labora- 
tory. Ames is requesting this facility 
for pre-test calibration and checkout 
of models involved in dynamic tests. 
The center said it wants to extend the 
scope of work it is doing in transonic 
buffeting of launch vehicles, the dy- 
namics of liquid and solid fuels and 
lunar landings. 

• Langley Research Center— New facili- 
ties requested are modest compared 
with some of the programs under way 
at other NASA centers. Total proposed 
outlay for Fiscal 1964 is S9.7 million. 
New facilities requested arc an elec- 
tronic instrumentation laboratory. S2.S 
million; hot gas radiation research facil- 
ity, S2.6 million and a fatigue research 
laboratory, S1.2 million. 

The electronic instrumentation labor- 
atory would provide facilities for re- 
search in microelectronics, development 
of thin film components and advanced 
research and development of measure- 
ment devices and techniques. 

Research on the effects of high heat, 
vibration and aerodynamic stresses will 
be centralized in the proposed fatigue 
laboratory. Much of the equipment 
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Industry Contractor Planned for Ranger 

National Aeronautics and Space Administration plans to select an industry con- 
tractor to build the Ranger spacecraft for future launches. Jet Propulsion Labora- 
tory, which has been conducting the program as an in-house effort, will continue as 
program technical manager. The action is reported to have had the approval of 
NASA Administrator James E. Webb, Deputy Administrator Hugh L. Drydcn, and 
Associate Administrator Robert C. Seamans. Jr. 

Specific vehicle in the Ranger series to which this program reorientation will 
apply will depend on the speed with which a contractor is chosen. NASA program 
officials favor initiation of a competition to select a contractor, but a sole-source 
award may be made to expedite the program, which is aimed at TV surveillance 
of the moon in preparation for the Apollo lunar landing. .Assumption is that JPL's 
present Ranger subcontractors will be retained under the new manufacturing plan, 
since selection of new subcontractors would delay the program. 

Several companies have discussed the possibility of providing the manufacturing 
services for building Ranger spacecraft with NASA. Selection of one of these with- 
out competitive bidding would be a joint decision of NASA and JPL. Two con- 
tractors seen favored for the manufacturing task if a sole-source award is made arc 
Northrop’s Nortronics Div. and General Electric's Missile and Space Vehicles Div. 

Intention is to funnel 10 Ranger spacecraft into the manufacturing effort initially. 
Ranger 6 now is scheduled to undergo a destructive testing cycle at JPL to deter- 
mine possible engineering design refinements for incorporation in Rangers 7 through 
9 (AW Feb. 18, p. 33). First of the spacecraft to be built by the industry con- 
tractor. therefore, would have to begin with Ranger 7 or one later in the scries. 
Observers close to the situation feel that it certainly will be introduced before Ranger 
10. which had been scheduled to be launched in the last quarter of this year. 

JPL had proposed to NASA, as late as a year ago. that at an appropriate time an 
industry contractor be given the task of building the Ranger spacecraft. NASA's 
intention, however, to implement action at this lime probably was influenced by the 
recent findings of an official inquiry board headed by Dr. Albert Kelley (AW Dec. 
17, p. 33 and Dec. 24, p. 17) which convened after the fifth successive Ranger 
failure and was critical of quality control, engineering design, and test procedures. 


to be used is on hand now in hangar- 
type buildings originally intended for 
calibration of aircraft for flight tests. 

Hot gas radiation facility will consist 
primarily of a 6-in.-dia„ 45-ft. long 
shock tube. Using models of spacecraft 
configurations, the shock tube will sim- 
ulate thermal radiation conditions from 
the hot gas cap that envelops spacecraft 
on entrv into atmospheres. 

• |et Propulsion Laboratory— Largest 
item in the S7-million JPL construc- 
ion request is S3.9 million for an en- 
gineering building. Engineering devel- 
opment activities housed in trailers at 
the Pasadena research center and in 
rented space would be centralized. 

• Flight Research Center— NASA is 
asking for S4 million to build a flight 
research support laboratory and high 
temperature loads calibration facility at 
the Might Research Center. Edwards. 
Calif. The proposed laboratory would 
house simulators and supporting analog 
and power supply equipment. The high 
temperature loads facility would be used 
to provide the environment for calibra- 
tion of high performance aircraft and 
spacecraft for flight measurements. 

• Wallops Station— NASA is requesting 
S2 million for construction or beach 
protection between the Atlantic Ocean 
and launch pads at Wallops Island, Va. 
The request also includes funds for a 
general purpose sounding rocket launch 
complex, a universal launcher, retract- 
able shelters for existing launchers. 


Requests other than those for NASA 
centers total S176 million and include: 

• Three tracking and instrumentation 
ships. S90 million. The ships will be 
obtained from the Maritime Commis- 
sion's reserve fleet and will be equipped 
with precise inertial navigation and 
ship data correction systems. Tire ships 
are to be ready for tracking duties nr 
early Apollo missions scheduled for late 
1965. Flieir tracking, data acquisition 
and communication equipment will in- 
clude C-band radar, S-band Doppler, a 
central high-speed digital computer to 
determine orbital elements, command 
transmitting systems and teletype, voice 
and high-speed data links with the 
manned flight tracking network and 
Mission Control Center. 

• Facilities for development of the 
Aerojet-General M-l engine, SI 6 mil- 
lion. These funds arc to be used for 
equipment and facilities at Acrojct- 
Gcncral's plant near Sacramento, Calif. 
The M-l is a 1.2 million-lb. thrust hy- 
drogen engine, being developed for tfie 
Nova upper stage. 

• Lunar Excursion Module test facility. 
SI 5 million. A combined propulsion 
and flight test facility is to be built at 
the White Sands Missile Range. 

• Estimated cost of completing facili- 
ties for testing of the F-l Rocketdvnc 
engine is S14.2 million for three static 
test stands at Edwards, Calif., and de- 
velopment facilities at Canoga Park and 
Santa Susana, Calif. 


JPL Receives Mars 
Radar Signal Echoes 

Pasadena, Calif— Jet Propulsion Labo- 
ratory has successfully received echoes 
of radar signals which it is bouncing 
off Mars in continuing experiments to 
learn more about that planet. 

The approximately 125-million-mile 
round-trip path is the longest known to 
have been covered by signals generated 
in the Western world. 

Preliminary analysis of signal echoes 
received at the Goldstone station of the 
Deep Space Instrumentation Facility' 
(DSIF) indicate that Mars has smooth 
and rough areas much like the earth 
and moon and that the neighboring 
planet is a better radar reflector than the 
moon, but not as good as Venus. 

Beginning Jan. 21, the experiments 
will be continued through ear!y March, 
when the earth moves out of Mars' 
range, overlapping the date of inferior 
con]unction (Feb. 2) when the two 
planets were at their closest proximitv. 

It may now be possible for JPL 
scientists to confirm data on the slow 
retrograde motion of the planet Venus, 
obtained in a somewhat similar radar 
bounce experiment late last year (AW 
Jan. 7, p. 31). This might be accom- 
plished bv comparing returns from 
Mars, whose rate of rotation is precisely 
known from astronomical calculations, 
with those from Venus. 

In the Mars experiment, S-band 
signals at 2,388 me. were radiated by 
a newly installed 100-kw. transmitter 
located at Goldstone and concentrated 
bv an 85-ft. parabolic antenna into an 
0.3-deg.-wide beam with an effective 
radiated power of 25 billion watts. 

About one watt of this is intercepted 
by Mars, and about 5% of this reflected 
toward the earth. By the time the signal 
is again picked up by the same S5-ft. 
dish, effective power is only 10‘" w. 

Total time required to cover the 
transmission path during inferior con- 
junction was 11.1 min. 

Signals transmitted were of two types 
—continuous wave signal transmitted 
for 1 1 min. and then interrupted to 
permit reception, and a signal with a 
pseudo-random modulation. The experi- 
ment is being conducted nightly for a 
12-hr. period while the two planets arc 
in view of each other. 

Reflected signals are analyzed for 
strength and the manner in which they 
are smeared or distorted, which provide 
clues about the planet's rate of rotation, 
roughness and material. A rapidly rotat- 
ing planet like Mars would tend to 
smear the echoes. 

Preliminary analysis indicates signal 
strength that Mars reflects to be 2 to 
20% of the signal that could be ex- 
pected if the planet were a perfectly 
conducting sphere. 
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Navy Calls Manned Aircraft ‘Indispensable’ 


Bv George C. Wilson 

Washington — Navv is concerned 
about the reduced procurement of air- 
craft because the service considers 
manned aircraft "indispensable for the 
foreseeable future” to control the seas 
and support the armed forces, Adm. 
George W, Anderson, chief of naval 
operations, told the House Armed 
Services Committee last week. 

He called the new Navy aircraft 
"among the finest in the world" but 
said “their increased capabilities do not 
necessarily compensate for the numbers 
which, by our experience, we know are 
required to fulfill our assigned respon- 
sibilities.” 

Navy must have enough aircraft to 
survive the heavy losses which would 
be sustained in the early phases of a 
war, Adm. Anderson said. It is asking 
for SI. 96 billion in new obligational 
authority for Fiscal 1964 to procure 6S1 
aircraft, compared with S2.1 billion for 
SS7 aircraft in Fiscal 1963. 

Adm. Anderson, testifying against the 
backdrop of congressional concern 
about the phasing out of the Air Force’s 
manned bombers, said the requested 
Navy aircraft “are urgently required to 
enable our fleets to fulfill their missions 
. . . For naval purposes, the manned 
aircraft is indispensable for the foresee- 
able future and has not decreased in 
its importance." He and other Navy 
officials then gave the committee these 
details about the service's aircraft and 
missile programs for Fiscal 1964: 
Procurement 

• Fixed-wing aircraft. Navv in Fiscal 
1964 intends to buy Douglas A-4E Skv- 


hawk, Grumman A-6A Intruder, North 
American A-5C Vigilante, McDonnell 
RF-4B Phantom 2 for the Marine 
Corps and F-4B for the Navy; Grum- 
man E-2A Hawkcye, Grumman S-2E 
Tracker, Lockheed P-3A Orion turbo- 
prop patrol bomber, Lockheed C-130E 
transport to support Polaris submarines, 
and these trainers— Beech L-23F, North 
American T2J-2 and the Grumman 
TC-4B turboprop navigation trainer. 

Vice Adm. William A. Schocch, 
deputy chief of naval operations for air, 
said the A-5C version of the Vigilante, 
with its reconnaissance and attack ca- 
pability, will help remove “the serious 
Navy deficiency" in the field of "timely 
and adequate" intelligence infonnation 
for fleet commanders. 

• Helicopters. Navy will buy for the 
Marines the Boeing-Vcrtol C11-46A Sea 
Knight and Bell UH-1E. The UH-1E 
will replace existing Marine observation 
aircraft— the Cessna P-1B and Kaman 
PII-43D helicopter. Navy will buy the 
Sikorsky SH-3A Sea King for anti-sub- 
marine missions. Kaman UH-2B all- 
weather helicopters for search and res- 
cue, and the Sikorsky CH-53A modified 
Flying Crane to support assault forces. 
Research and Development 

Nary is requesting SI. 573 billion in 
new obligational authority for its re- 
search and development program. Of 
that amount. S204 million would go for 
aircraft and S390 million for missiles. 
Highlights of the Fiscal 1964 research 
program: 

• Ceneral Dynamics/Grumman F-111B 
(TFX). Vice Adm. William F. Rabom, 
depute chief of naval operations for de- 
velopment. said the aircraft's "primary 


armament ' will be long range air-to-air 
missiles advanced enough to deal with 
enemy aircraft of the 1970 time period. 
Missile system is being developed by 

• Gmmman C-2A. Adm. Rabom said 
the role of this carrier onboard delivery 
(COD) aircraft will be to carrv cargo 
such as aircraft engines to and from 
aircraft carriers at twice the range and 
three times the pavload capacity of pres- 
ent COD aircraft (AW Feb. 18. p. 27). 
First C-2As will join the fleet in Fiscal 
1964, he said. 

• McDonnell F4B equipment. Improve- 
ment effort will center on developing 
downward-looking radar which would 
show enemy aircraft flying at low alti- 
tudes. "Improvement in low-altitude in- 
tercept capability is urgently needed by 
the Navy. Marine Corps and Air Force,” 
Adm. Rabom said. 

• Gmmman E-2A radar. Effort will 
concentrate on improving this turbo- 
prop aircraft’s radar so it can detect 
low-flying aircraft approaching from sea 
or land (see p. 30). 

• Advanced turboprop. Navy will con- 
tinue working on a regenerative turbo- 
prop engine which will be fed by air 
pre-hcatcd by exhaust gases. Adm. 
Rabom said such an aircraft engine 
would provide the fuel economy needed 
by anti-submarine aircraft for long en- 
durance at partial power. Loitering time 
could be more than doubled by using 
this type of engine, he said, and the 
improvements could be built into exist- 
ing aircraft such as the Lockheed P-3A 

• ASW equipment. Adm. Rabom said 
a substantial effort would be made to 
develop an advanced anti-submarine 
warfare avionics system which would 
integrate subsystems on airborne detec- 
tion equipment. Objective will be to 
simphfv the system so it will be easier 
to operate. A related program is de- 
signed to develop electronic equipment 
to intercept signals from enemy sub- 
marines and to perfect both jamming 
and anti-jamming devices. 

• Exploratory projects. These will in- 
clude a new ASW radar, new generation 
of sonar equipment capable of detect- 
ing submarines lying beneath the ther- 
mal layers of the sea and magnetic 
anomaly detection (MAD) equipment 
for anti-submarine use. 

Navy Missiles 

Navy missile program is largely a 
continuation of current development 
projects. But effort on the Bcndix- 
McDonnell Typlion surface-to-air mis- 
sile will be decreased in Fiscal 1964. 
Adm. Rabom said a re-appraisal of this 
radically advanced guided missile pro- 


Anderson Sees No ASW Solution Soon 

Washington— Navy considers anti-submarine warfare its most crucial problem and 
sees little hope in the near future for a technological breakthrough that will enable 
the service to counter the Russian submarine threat. 

Adm. George W. Anderson, chief of Naval Operations, gave this assessment to the 
House Armed Services Committee, which is continuing its military posture hearings 
this week. He said the Navy's operations during the Cuban crisis tested anti-subma- 
rine warfare capabilitv and “the results were highly gratifying." 

But he said there is “no particular development on the horizon which would per- 
mit ns to place upon our ships and in our aircraft black boxes which would enable 
us immediately to detect, locate, identify and destroy enemy submarines. . . . Anti- 
submarine warfare continues to be. and most certainly will be in the years to come, 
our most crucial problem.” 

Navy made 20 contacts with submarines during the Cuban crisis, he said, and 
identified six as being Soviet through photographs, lie said the Soviet submarines 
identified were conventional types, not nuclear-powered. 

“The Russians have improved the quality of their ships, their techniques and the 
abilities of their personnel to operate submarines,” Adm. Anderson said. "Therefore, 
our efforts cannot be slackened . . . We must continue to take fullest advantage of 
all industry and science have to offer and to make whatever expenditures of funds 
mav be considered advisable if some sudden breakthrough should present itself. I 
devoutly hope one does, but none is now in sight.” 
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Von Karman Awarded First Medal of Science 


First National Medal of Science was awarded to Dr. Theodore von Karman last week by 
President John F. Kennedy for “incomparable contributions not only to the fields of 
applied mechanics, aerndvnanucs and astronautics, and to education m general, but also 
to industrial, national, international and human affairs in their broadest sense." Von 
Karman. now chairman of the technical advisory board of Aerojet-General Corp. and 
chairman of the NATO Advisors Group for Aeronautical Research and Development, 
was director of California Institute of Technology’s Guggenheim Aeronautical labora- 
tories from 1930 to 19-f9. Left to right. Gen. Bernard A. Schricvcr. commander of 
Air Force Systems Command; the president; Judge Victor Anfuso. former Democratic 
e i ss from New York: Dr. von Karman: USAF Chief of Staff Gen. Curtis LcMay; 
Lyman Briggs, president of Caltech: William E. Zisch, president of Aerojet-General. 


grain" lias led to the decision to switch 
to a "more conservative program that 
will insure that technical problems will 
be defined and solved on a step-by-step 

lie said the auxiliary ship Norton 
Sound will be converted into a testbed 
for the prototype Tvplion system so 
problems can be solved before it is put 
on a combat ship. "Good technical 
judgment has dictated this type of ap- 
proach." Adm. Rabom said. 

Other details of the Navv's Fiscal 
1964 R&D program: 

• Goodyear Subroc. Navy plans to com- 
plete laboratory, environmental and vul- 
nerability tests on this submarine rocket 
missile (AW Feb. IS. p. 19. cover). 

• F-I11B missiles. Adm. Rabom said 


Mars 1 Communication 

Moscow— Soviet Union continued to 
maintain radio contact with its Mars 1 
probe on Feb. 19 when it had reached 
a distance of 33.5 million mi. from earth, 
according to the Soviet news agency 
Tass. It was the greatest distance in 
space communications the Russians have 
yet obtained. U. S. had contact with the 
Mariner 2 Venus probe for 54.3 million 
mi. Tass also reported that Mars I 
confirmed the existence of a third radia- 
tion belt at a distance of 6,200 mi., and 
that this belt contains more charged 
particles than those closer to earth. 


Fiscal 1964 funds would be used for 
wind tunnel tests for the aircraft's long- 
range. air-to-air missiles, missile system 
mock-ups, installation of airborne missile 
control system prototypes in instru- 
mented aircraft, lie said the aircraft 
and missile system would be compatible 
with the Continental Air Defense Svs- 
tem command and control system. 

• Raytheon Sparrow 3. Fiscal 1964 
funds will be used to apply the improve- 
ments in the F-4B's radar to the Spar- 
row air-to-air missile weapon system. 

• Martin Bttllpup. Navy intends in Fis- 
cal 1964 to complete Biillpnp B's devel- 
opment. continue the evaluation of the 
liquid rocket motor and complete the 
testing of the Grumman A-6A all- 
weather system. 

• General Dynamics Tartar. Perform- 
ance evaluation will continue, new war- 
heads will be completed and the surface- 
to-surface capability of this originally 
surface-to-air missile will be tested. 
Same type of conversion will be tried 
on the General Dynamics Terrier and 
Bcndix Talos surface-to-air missiles. 

• Sea Mauler. This program will at- 
tempt to adapt the Army-General Dy- 
namics Mauler missile-designed for use 
against tanks and other armored vehi- 
cles-for use on small ships. Navy said 
the Sea Mauler would have its own 
acquisition and tracking radar, com- 
puters and launching equipment. 

The weapon would be used in anti- 
submarine and amphibious warfare. 


General Electric last week delivered 
the first Gemini operating fuel cell 
power unit to McDonnell Aircraft 
Corp., prime Gemini contractor. 

United Aircraft Corp. will build a 
multi-million dollar, company-financed 
facility at its Pratt & Whitney Florida 
Research and Development Center for 
the testing of all known combinations 
of liquid rocket propellants, including 
fluorine, hydrazine, dibor.me and hy- 
drogen. at chamber pressures up to 
5.000 psi. and thrusts up to 50.000 lb. 
Work is to begin next month and the 
facility is to be operational by fall. 

Milton W. Rosen resigned Feb. 21 
as director of launch vehicles in the 
NASA manned space flight office and 
will become assistant to Adm. W. L. 
Boone, associate NASA administrator 
for defense affairs. 

First firing in the 120-in.-dia. solid- 
propellant motor development program 
for Titan 3 C was scheduled to be con- 
ducted last week at United Technology 
Center's Coyote Test Facility near Sun- 
nyvale, Calif. The single lO-ft.-long 
segment test motor was programed to 
bum for about 105 see. and produce 
a thrust of approximately 200.000 lb. 

Four-stage Blue Scout vehicle using 
Lockheed Propulsion Co. MG-1S high- 
mass fraction motor as its top stage 
was launched last week from Pt. Ar- 
gucllo. Calif., to put a satellite into 
north-south orbit. This is the first or- 
bital exercise in a series of launches in 
Program 33 conducted by USAF Space 
Systems Div. for the Office of Aerospace 
Research in USAF headquarters. 

Mitsubishi Shipbuilding and Engi- 
neering Co.. Tokyo, will build the 
Westland SRN.l hovercraft under a 
license agreement with Westland Air- 
craft. Ltd., of Great Britain. 

First definitive Apollo contract was 
signed by NASA last week with General 
Dynamics Coin-air. for S6.3 million to 
produce four Little Joe 2s. 

Zero-launch Ixiostcr for the Lock- 
heed F-104 Starfighter will be built bv 
North American Aviation's Solid 
Rocket Div., McGregor, Tex., under 
subcontract to Lockheed, which has a 
development contract from the West 
German government for the system. 
Booster is similar to the M-34 unit de- 
veloped for zero-launch of the North 
American Aviation F-100 and Chance 
Vought KD2U-1. 
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ALPA May Reject Pact With American 


American’s pilots and engineers agree on contract but 
ALPA maintains it does not meet union’s standards. 

By James R. Ashlock 

New York— Air Line Pilots Assn, has threatened to refuse ratification of a 
contract proposed by its 1,850 American Airlines members in settlement of 
the three-man jet crew issue. 

American’s pilots and engineers have agreed on a pact, which has the com- 
pany's blessing and is considered simpler than those adopted by other airlines 
in reducing crews from four to three men. But ALPA maintains it does not 
meet the requirements of the union's “fail safe" standards, and has told its 
American chapter that it is unacceptable. 


"The union isn't giving us much 
choice," one American pilot said. "We 
think this agreement is best for all con- 
cerned, and we’re going to stick by it. 
If ALPA expels us. we'll simply have to 
work out some other means of repre- 
sentation,” 

However, few sources close to the 
issue feel expulsion will result, especially 
since American's pilots contribute 15% 
of ALPA’s dues. 

ALPA Standards 

Difference stems from American's 
crews feeling there is no need for flight 
engineers to obtain commercial and in- 
strument ratings to qualify for pilot- 
engineer duties. But these ratings were 
keys to the ALPA standards drawn up 
when the union agreed to a reduction 
in jet crew complement. 

Trans World Airlines. Pan American 
World Airways. Eastern Air Lines and 
National Airlines all implemented the 
ALPA requirements in their pilot train- 
ing for flight engineers, at a cost of 
about 510 million per airline. However, 
it was specified in the contracts that 
despite such training, the pilot-engineer 
would never be permitted to fly jets. 

American's crews for the most part 
share the view expressed by John Car- 
roll, a I’WA captain and one-time 
ALPA vice president. 

"The TWA-ALPA and TWA-flight 
engineer agreements make a total farce 
of the ALPA crew complement policy," 
Carroll said. “The agreement forbids 
the third crewman to fly the aircraft. 
A new riddle has arisen, the question 
being 'when is a pilot not a pilot? 1 The 
answer is. 'when lie’s the third man in 
an ALPA qualified fail-safe crew.’ " 
Opponents of the ALPA plan say 
that giving a man 180 hr. of flight train- 
ing in light aircraft— which is sufficient 
for a commercial and instrument rating 
—doesn’t make him a qualified jet crew- 
man. In most instances, they say, the 


engineer merely tucks his ratings in his 
pocket and resumes his previous flight 
engineer duties, without ever undergo- 
ing jet transition training or even any 
recurrent refresher time in lightplanes. 
Pilots emphasize that before a man can 
even be accepted by an airline for train- 
ing as a pilot, he must have 1,500 hr. 
of flight time in addition to his com- 
mercial and instrument ratings. 

American's crews feel that instead of 
pilot training, the engineers should be 
familiarized with radio work, naviga- 
tion, chart reading and the processes of 
obtaining flight clearances. Thus they 
would be able to assist the two pilots 
in the busy periods at the beginning 
and end of each flight. These are also 
vital duties in the event that one of the 
two pilots should become incapacitated, 
and the flight engineer could still ensure 
the "fail-safe" principle bv assisting the 
one man flying the aircraft. 

"Our company, like all the others, is 
adamant in refusing to let the pilot- 
engineer ever take control, and it should 
be,” an American pilot said. "So why 
go to the expense of giving him pilot 
training when he can be of more service 
in the respect we propose.” 

Under the American contract, class- 
room and flight simulator training for 
the 600 flight engineers would cost 
approximately S >i million, saving the 
company about S64 million. This saving 
would be passed on to the crews through 
adding benefits the)’ are asking. 

Main concession the pilots would 

S ain would be a reduction in monthly 
ight time from the present 85 hr. to 
75 hr. in jets and 80 hr. in piston air- 
craft. Company would also pay 75% of 
crew insurance premiums-an expense 
now borne by crewmen-and would pay 
the 7% of salary the individuals con- 
tribute monthly to their retirement 
fund. Duty rigs, money paid for non- 
flving time, would also be improved. 


“This is the best contract worked out 
since this crew complement issue came 
up,” one spokesman said, “and we ar- 
rived at it ourselves without a bunch of 
strike threats and prolonged federal 
mediation. But now ALPA is giving us 
trouble over this minor issue of the 
flight engineer's ratings." 

American has also agreed to include 
"no furlough" and "no crew reduction" 
clauses in the contract. And because of 
the reduction in flight time, all but 
about 40-50 of the airline’s 250 third 
pilots would immediately be needed as 
copilots. Rapid advancement of all 
other third pilots to full-time flight 
status, contract negotiators said, would 
result because of pilot attrition and 
American's jet expansion. 

One basic ALPA problem, however, 
is that the union must maintain con- 
sideration of its members on other air- 
lines who have signed agreements under 
the union's standards. Ratification of 
the American agreement could stir dis- 
sention among those who might ask 
why they too were not exempted from 
the ALPA requirements so as to negoti- 
ate simpler contracts, especially since 
the flight engineer wasn't to be allowed 
to fly anyway. 

Union Strategy 

American's pilots feel that ALPA's 
standards were a part of strategy aimed 
primarily at eliminating Flight Engineer 
International Assn. (FEIA) representa- 
tion from the flight deck. But the FEIA 
is no longer as strong a union as it was 
when the standards were adopted, and 
many pilots in other airlines as well as 
American feel there is no need to con- 
tinue such "craft elimination” tactics. 

As a result of ALPA's stand, Ameri- 
can's flight engineers have become un- 
easy about their agreement to shift to 
ALPA membership. They want assur- 
ance of some union representation be- 
fore giving up their FEIA positions, and 
the threat of ALPA expulsion has caused 
a delay in the contract proceedings. 
However, American's pilots are con- 
fident this problem will be resolved to 
everyone's satisfaction. 

Although rifts within its membership 
are nothing new to ALPA, there arc in- 
dications of general disagreement with 
the union's practices. Numerous pilots 
complain that the membership has be- 
come too diversified with the advent 
of local sendee, non-scheduled. cargo 
and helicopter operations. The union, 
they say, has made no effective effort 
to separate these categories to centralize 
interests and goals. 
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Objections Expected on CAB Fare Rejection 

Washington— Strong protests arc expected against the Civil Aeronautics Board’s 

trip discounts from 107? to 57?, for all Pacific service and Atlantic economy fares. 

In a 3-2 decision, with Members Chan Gumcy and Whitney Gillilland dissenting, 
the IATA resolution was rejected primarily on grounds that it would constitute an 
unnecessary 57? fare raise in slew of U. S. flag carrier earnings over the trans-ocean 

IATA members arc expected this week to file strong objections to the Board order, 
since the resolution earned the unanimous approval of all members and the tacit 
approval of the various foreign governments involved. Many of these airlines arc 
expected to contend that while the Pacific and Atlantic routes have been profitable 
for U. S. carriers, they have not been so for them. 

Board sources indicate that if the foreign airlines are prepared to offer proof of 
their financial positions, CAB mast reconsider the order and approve the IATA 

However, they point out that the information needed has been sought unsuc- 
cessfully by the CAB in the past and that it is unlikely the foreign carriers will pro- 
duce such evidence now-. 

Using traffic and financial data of the U. S. flags as the “only .nailable yardstick." 
the Board noted that both Northwest Airlines and Pan American World Airways 
realized a rate of return on investment of nearly 147? for their Pacific services last 
year. Noting that a rate of 10.25% has been established as reasonable for domestic 
trunks, the Board concluded that the higher late was "strong evidence" that a round 
trip fare increase would be unjustified in the Pacific. 

The Board conceded that both Trans World Airlines and Pan American have 
experienced inadequate earnings over the Atlantic, but pointed out that theit prob- 
lem is excess scat capacity, rather than inadequate fares. Increasing fares would not 
improve the airlines' falling load factors and would only add to the price paid by the 
passenger for empty scats. CAB said. 

Rate of traffic growth over the ronte has usually exceeded 157?, and this, coupled 
with the airlines' near-completion of jet re-equipment, should result in higher load 
factors and profits in the future, the order said. 

Comparing the high load factors of Pan American. Pamigru and Braniff with their 
unusually low rates of return. CAB approved an IATA proposal for a 5% round-trip 
fare increase in the South American market atea. 

Last year. Pan American realized only a 0.97? return on investment from its South 
American services, despite an average load factor of 63.87?. Citing similar disparities 
with the other carriers. CAB added that the increase is justified because of the lower 
average yield per passenger mile in the area. 


Trunkline Financial Status Dispute 
Flares During Merger Hearings 


Washington— Clash between smaller 
trunkline carriers and American and 
Eastern airlines over whether the in- 
dustry is financiallv sick or healthv 
reached a climax last week in oral argu- 
ments before the Civil Aeronautics 
Board in the American-Eastern merger 

Charging that Eastern and American 
are "prophets of doom." six carricrs- 
B ran iff. Continental, Delta. National, 
Northeast and Northwest— consoli- 
dated forces in a single presentation be- 
fore the Board aimed at proving that 
the industry is basically sound. 

American Airlines' George A. Spater 
began the arguments with a warning 
that the domestic trunklines have ex- 
perienced declining load factors since 
1951, with earnings following the down- 
ward trend. 

Spater said that load factors in 1962 


were the worst in the 25-year history 
of the CAB. and January. 1963. load 
factors were four points below January, 
1962 (AW Feb. IS. p. 42). lie added 
that there has been a huge increase in 
total airline debt and debt-to-equitv 
ratios since World War 2. 

The heavy debt is caused by inade- 
quate earnings since 1956. despite a 
period of general industrial prosperity. 
Spater said. Lawyers for the six smaller 
carriers admitted that not all carriers 
were earning fully adequate return on 
investment, but one of the lawyers 

"However, we do contend that the 
substantial improvement in industry 
results which were achieved in 1962— 
and which are continuing in 1963- 
indicate a capacity for improvement 
within the present outlines of our in- 
dustry and without the violent restruc- 


turing which the applicants argue to 
be the only solution. 

Original five carriers that opened the 
industry split late last year (AW Dec. 
10. p. 38) were joined in the fight 
against the merger by Northeast Air- 
lines. United, which merged with 
Capital Airlines in 1960, and TWA, a 
merger prospect with Pan American 
World Airways, have opposed the 
American-Eastern merger singly. Only 
Western Air Lines has not participated 
in the case. 

In its argument. Eastern stressed the 
need for a merger as a means of arrest- 
ing the deterioration in its financial posi- 
tion. In a projection of funds required 
and available during the 1963-1965 
period. Eastern said it would suffer a 
total cash deficiency of SI 29 million. 

Eastern said that it has estimated 
that the merger would result in a capital 
savings of SI 00.7 million and an ex- 
pense savings of S34.7 million. 

The carrier said that a main cause of 
its financial difficulties was the heavy 
competition placed against it in CAB 
route awards. It estimated that since 
1955, competitive route awards to other 
carriers have drained more than S30 
million from Eastern annually and have 
increased costs more than S60 million. 

Referring to the smaller trunklines as 
the “favored five,” Eastern said that the 
largest monopoly markets of this group 
are much larger than Eastern's noncom- 
petitive markets in terms of revenue 
passenger miles. 

In this connection. American charged 
that smaller airlines, sheltered from 
competition, have shown much better 
earnings than larger carriers and these 
better earnings have been reflected in 
airline stock prices. 

The six small carriers attributed 
Eastern's recent losses in part to the 
1960-61 recession. They added, how- 
ever. that Eastern was caught by a 
scries of umisiial factors, "each of which 


Eastern Financial Status 

Washington— Eastern Air Lines last 
week estimated its 1962 loss before taxes 
will amount to S36.3 million, and S20.7 
million if Mutual Aid Pact payments are 
approved by the Civil Aeronautics Board. 

In its oral argument before the CAB. 
Eastern indicated that as of Jan. 1, it had 
available working capital totaling S2 mil- 
lion. equivalent to only three days’ cash 
needs. By contrast, the carrier said its 
working capital on hand on Jan. 1. 1960. 
was 843 million, a 63-day cash coverage. 

Izmg-tcrai debt on Jan. 1. 1963. to- 
taled SI 50 million. Permissible borrow- 
ing under current loan agreement for- 
mulas stood, on that date, at S147.8 
million, so that the airline estimates it 
has already exceeded its permissible bor- 
rowing by S2.1 million. 
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Every Astrojet Captain has a past. 


Captain Jim Boyd started when the 
flying business was young and wild. 

He was flying a Pitcairn in his 20's 
(when pilots sent bricks to each other 
to get extra pay for carrying mail). 

And he can tell you about the Stear- 
man that was so loud he used to wake 
up farmers with it when their barns 


were on fire. get to the Astrojet. (Which is as far as 

And the Condor that was so slow you can go.) 
you could make a mistake and it 
would wait for you to correct it. 

He taught the Army to fly the DC-3 
(alias the C-47). and he went on to 
fly DC-6's and 7's and Electras, too. 

It took Jim Boyd 7 million miles to American Airlines flight. 

fj4/f?UA//ES ujt) 


So if experience is what you're look- 
ing for, we guarantee it with every 


was directly tied to Eastern's peculiar 
managerial decisions and policies.’’ 
These included strikes, efforts to over- 
come an "admittedly poor public 
image." and “uneconomic scheduling 

Harold Russell, counsel for Eastern, 
said that Eastern's early consistent earn- 
ings record gave rise to the impression 
that Eastern was indestructible, "with 
the result that an avalanche of competi- 
tion was imposed 1 5 years ago and. 
before the effect of that competition 
could be evaluated, still further com- 
petition was imposed." 

The result was that Eastern has been 
converted into a suhmarginal airline, 
steadily in the red for the past three 
years, with no prospects for improve- 
ment in its present framework, he said. 

American set out to prove that the 
merged companies would have the 
same size relationship to most other air- 
lines that American did in 1951. Spatcr 
said that in any case, the smaller car- 
riers have often proclaimed their ability' 
to compete with larger carriers when 
they were applying for routes competi- 
tive with larger airlines. 

Spater said this claim was borne out 
by actual experience. He produced 


Washington— Airline managements 

are concerned that adoption of an Ad- 
ministration-proposed cut in corporate 
taxes may rekindle congressional interest 
in a costly user charge system for the 
federal airways that would far exceed 
any future tax savings. 

Most carriers employ an accelerated 
depreciation for tax purposes on their 
turbojet fleet. The Administration pro- 
posal would have the greatest impact 
at about the time this flight equipment 
is almost fully depreciated. If approved 
by Congress, the proposal would reduce 
corporate taxes from their present level 


727 Parts Pooling 

New York-Four domestic airlines 
awaiting deliver)- on the Boeing 727 are 
organizing a parts pooling program, co- 
ordinated by Trans World Airlines. 

Carriers estimate that bv sharing parts, 
rather than maintaining individual stock- 
piles at 727 stations, they will save S3 
million in capital investment. 

Program continues the pooling con- 
cept originated in 1959 by TWA and 

today involves five pools and 39 airlines 
throughout the world. 


figures showing that in the 50 top mar- 
kets. the largest airline had the largest 
traffic share in only 12 cases and the 
smallest share in 1 5 cases. 

The six small airlines declared that 
the merger would cause these problems: 

• Create an airline with sufficient 
strength to overwhelm smaller competi- 

• Create illegal monopolies in major 
transport markets. 

• Violate sound and long-established 
anti-trust policies. 

• Weaken the CAB’s policies toward at- 
tainment of a balanced competitive air 

The six carriers contended the indus- 
try will overcome the expansion prob- 
lems resulting from the introduction of 
jet transports in large numbers and gave 
the following reasons for an improved 
outlook: 

• Jet transition is substantially com- 
pleted. 

• Industry has recovered from the gen- 
eral business recession of 1960-61. 

• Federal Aviation Agency forecasts a 
52% increase in traffic bv 1970, 82% 
by 1975. 

• Rate of return on investments has 
started to climb upward. 


of 52% to 47% by 1965, in steps of 
2% next year and the balance in 1965. 

Actual savings to the airlines under 
the tax reduction can only be estimated, 
since industry financial accounting to 
the Civil Aeronautics Board is a matter 
of theoretical “book value" figures, as 
opposed to actual financial data re- 
ported by the carriers to the Treasury 
Dept, for tax purposes. But observers 
who have analyzed the tax situation 
doubt that the proposed reduction will 
provide any significant benefit to the 
industry. 

Assuming that industry profits con- 
tinue their slow upward trend, these 
observers explain, a point will be reached 
where the airlines will have most of 
the present turbojet fleet fully written 
off at a time when profits may be higher 
than they are now. Large sums of 
revenue, previously channeled into de- 
preciation reserves, may then be chan- 
neled into net profit, increasing the 
amount subject to taxation. 

Further diluting the benefits that a 
corporate tax cut would bring is the 
the fact that new Treasury Dept, de- 
preciation guidelines arc designed to 
force airlines to retire fully-depreciated 
equipment within a reasonable time, or 
face heavy taxes on depreciation funds. 

In addition, the Administration pro- 
posal also classifies revenue from the 


sale of surplus aircraft as income subject 
to full corporate tax. as opposed to the 
present treatment as a capital gains, 
which requires a tax of only 25%. In 
1961, the airline industry realized $8 
million on the sale of surplus aircraft. 

Net profit position of the industry 
will also be affected in the future by 
the full write-off of flight equipment. 
Under present tax laws the airlines have 
been allowed to accumulate a special 
deferred taxes fund, representing the 
difference in taxation as reported to the 
CAB and actual taxes paid. 

Once this write-off is completed, the 
special provisions permitting this type 
of fund will no longer be applicable. 
Deferred tax reserves will then be ap- 
plied to actual taxes, and while the tax 
rate may he lower than present, net 
effect will be to subject the industry to 
its first heavy taxation in years, ob- 
servers contend. 

Financially, the airlines welcome a 
tax cut. but psychologically they fear 
both the Administration and Congress 
mas overestimate its cumulative value 
worth and consider it an adequate off- 
set to increased user charges for the 
federal airways system. 

Last year. Congress reduced the trans- 
portation tax for airline travel from 
10% to 5%. but failed to act on an 
Administration proposal to increase 
taxes on gasoline by 2 cents, place a 
new 2-ccnt tax on turbojet fuel and levy 
an additional 5% tax on airfreight. 

If a user charge system were adopted 
during this session of Congress, the 
heavy expense impact it would have 
on airline earnings would nullify the 
benefits of a tax cut. the airlines con- 
tend. 

Last year, the scheduled carriers paid 
SI 10 million in federal taxes collected 
on the 5% transportation tax, plus SI 3 
million in gasoline taxes. Increase of 
the gasoline tax, plus addition of the 
tax on jet fuel and freight shipments 
would bring the annual total to an 
estimated 5184 million, or 90% of the 
cost of federal operation of the airways 


UAT Tanker Contract 

Paris-French Defense Ministry has 
awarded a contract to a private French 
carrier. Union Acromaritimc de Trans- 
port for maintenance of French air 
force’s 12 Boeing KC-135 jet tankers. 

UAT successfully competed against 
Air France despite the fact that it oper- 
ates Douglas DC-8s while Air France 
operates Boeing 707s. Initial deliveries 
of KC-135s arc scheduled to begin by 
year-end. Informed sources in Paris say 
that the French eventually may order an 
additional six KC-135s. Boeing tankers 
will be used in connection with FAF’s 
Mirage 4-A bomber force. 


Airlines Fear Tax Cut May Bring 
U.S. Airways User Charge System 

By Robert H. Cook 
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World’s lowest ton-mile cost 


The new Boeing 707-320C cargo-jet offers operators the 
lowest ton-mile costs of any transport aircraft, existing 
or proposed. 

Boeing C-Jets are quickly convertible from all-cargo to 
all-passenger, or any combination required to take maxi- 
mum profit advantage of varying cargo or passenger traffic. 
They can carry '15 tons of cargo over a 3,500-mile range. 
All-economy passenger capacity is 188, or, in MATS-type 

Cruise speed with full payload is 575 miles an hour, pro- 
viding next-morning delivery of volume cargo . . . across 
a continent or an ocean. 


The -320C is a development of the famous Boeing 707-320B 
turbofan Intercontinental, the largest, longest-range com- 
mercial jetliner in existence. It incorporates the same major 
systems, thus offering substantial savings through standard- 
ized spare parts, ground handling equipment, maintenance 
and crew training. 

C-Jets have already been ordered by American Airlines, 
Pan American World Airways and World Airways. Deliv- 
eries begin this summer. 
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10-ton lift for our armed forces 


Sikorsky’s new S-64 Skycrane is a universal transport 
that can deliver 10 tons of men, materiel, machines, 
or fuel (POL) wherever military needs dictate. 

The S-64 hefts its load in one big bundle or 
several small ones. It handles cargo of virtually 
any size or shape. It can even carry detachable 


Sikorsky Aircraft 


pallets that become workshops, kitchens, hospitals, 
and supply depots within seconds of their arrival. 

Now in final test at Sikorsky, the 145-mph Sky- 
crane will soon be ready to serve our armed forces 
as a 60-man troop transport, flying crane, tactical 
weapon, logistic vehicle, and as airborne artillery. 



Management Shift Spurs Iberia Expansion 


By L. L. Doty 

Iberia Air Lines of Spain is under- 
going a sweeping change in operating 
policy that is expected to remold it from 
a govcrnmentallv-restrained carrier with 
limited services into a powerful competi- 
tor in world-wide markets. 

The new policy places a heavy stress 
on sales and promotion backed by a far- 
reaching expansion of Iberia's routes and 
sendees. It has the full support of Insti- 
tute Nacional dc Iiulustrias (INI), the 
government agency controlling the air- 
line, although at least one phase of the 
policy may run contrary to positions 
held by some top-level government 
heads, including dictator Francisco 

For a number of years. Iberia has 
been hampered by two contending fac- 
tions within its management structure 
(AW July 3. 1961, p. 34). One faction, 
which ruled Iberia's destiny until only 
recently, held that the airline's role 
should be confined to its natural mar- 
kets in Spanish-speaking countries and 
that North Atlantic sendees should be 
operated only as a diplomatic and na- 
tional prestige device. 

The opposing group, which has 
wrested control of management from 
the old group headed by Tomas Del- 
gado Perez de Alba and Cesar Gomez 
Lucia, is driving for more airplanes, 
more routes, more sales offices and more 
money for advertising and promotion. 

Thirteen new sales offices are being 
opened in cities throughout the world, 
including Lima. Hong Kong, Bombay. 
Manila. Copenhagen and Stockholm. 
The number of sales offices in the U. S. 
is being doubled. 

In addition, Mariano de las Penas, di- 
rector of traffic and sales, has obtained 
several Spanish sales representatives 
from TWA's Madrid office and given 
them top assignments, in hopes of 
bringing U. S. sales techniques into his 
operation, German L. Vazquez came 
from TWA to be Iberia's sales manager 
and Manuel Pinto, also formerly with 
TWA, has been moved to New York 
as Iberia’s sales manager for U.S. and 
Canada, 

Juan Vinicgra, who has been in the 
vanguard of the drive for more sales 
and promotion, has been named secre- 
tary-general of the new management, 
a top position but one which appears to 
carry no functional activity within the 
sales area. Viniegra reports directly to 
Director-General D. Lazaro Ros, new 
head of the airline. 

The new management is quietly 
fonntilating plans to counter any moves 
the U. S. government may make toward 
restricting capacity of its flights. Under 


the proposed U. S. air policy on inter- 
national air transportation, attempts 
may be made to persuade foreign flag 
carriers serving the U. S. to put a ceil- 
ing on flight frequency and capacity 
until traffic demands catch up with 
available seat miles (AW Feb. 11, p. 
38). Iberia now plans to increase its 
North Atlantic flight frequency to New 
York from three weekly to six begin- 
ning Apr. 1. 

It has ordered two Douglas DC-8 jet 
transports to add to its present fleet of 
four and will increase its Sud Caravclle 
fleet from six to eight. 

Major reason behind Iberia’s fleet ex- 
pansion is to improve its share of traf- 
fic on the North Atlantic. As a result, 
the airline will not accept capacity re- 
strictions without taking some rctalia- 

In addition, the Spanish may impose 
some capacity' restrictions of their own 
on U.S. carriers if the Pan American- 
TWA merger is approved and they feel 
the merged carrier is providing too much 
competition on the North Atlantic 
route. Spain has consistently rejected 
a U. S.-proposcd bilateral revision calling 
for a Madrid stop for Pan American on 
its U.S.-South African route. 

IIow Iberia will so about imposing 
restrictions has not yet been detennined. 
However, Iberia officials like to quote an 
official of Lufthansa who once said, in 
effect: "If the U. S. can discover a way 
of reinterpreting the bilateral agreement 
to its advantage, the Germans can also 
discover a way to reinterpret to their 
benefit.” 

It is on this point that Iberia may 
clash with Franco. Franco wants to 



attract as many tourists as possible to 
Spain, and he is not particular how they 
get there. He will quasli any policy 
that will in any way restrict a ‘tourist's 
choice of transportation to Spain. 

The bilateral air transport agreement 
governing Spanish-U.S. civil air opera- 
tions is not the Bcnnuda-tvpe. but is 
based on the Chicago Convention, 
which makes no provision for fifth and 
sixth freedom traffic. Iberia, however, 
could restrict the volume of fifth free- 
dom traffic carried by TWA from 
Madrid to Rome as a retaliatory meas- 
ure against U. S. capacity control. 

For vears, Iberia had the smallest 
share of traffic of all carriers operating 
on the North Atlantic route. Its U.S. 
sales staff was efficient but small, and 
funds were not available to support 
effective advertising and promotional 
campaigns. Limited frequency of flights 
was an inconvenience to passengers and 
Iberia was virtually ignored by its 

Major overseas markets for Iberia 
were Mexico City and Caracas, Ven- 
ezuela. Mights castbound out of Havana 
were profitable until service was stopped 
last October because of the Cuban 
missile crisis, but westbound flights 
into Havana were operated at a heavy 
loss. Tile pattern is expected to con- 
tinue with the resumption of service 
into Havana earlier this month (AW 
Feb. 18. p. 41). Eight passengers were 
on the first westbound flight and 23 
boarded the castbound flight out of 
Havana. 

Global expulsion of its routes, em- 
phasis on the U. S. market and the ap- 
plication of modern marketing and sales 
techniques is expected to give Iberia the 
lift it needs to attain the stature of a 
major international carrier. 

Initial success of the new approach 
has already been reflected in last vcar’s 
traffic results. After years of operating 
with a static business volume, the num- 
ber of passengers carried in 1962 reached 
a total of 1.2 million, an all-time high 
for the airline. 

One problem that Iberia must over- 
comc is tlie tendency of U.S. tourists 
to enter Europe through such gateways 
as Paris. London and Rome and em- 
bark for home at Madrid or Lisbon. 
This has created a single-directional 
flow of traffic for Iberia. 

Increasing popularity of Spain as a 
tourist center could off-set this problem, 
but the best solution appears to be in 
the opening of a second European gate- 
way. In the past, equipment shortage 
has prevented the carrier from asking 
its government to make a bid for a 
new gateway. Under Iberia's new man- 
agement such a move may be made. 
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WITH THE SHORT HAL JET 

The BAC One-Eleven is on final assembly. It has already been ordered by: BRITISH UNITED 
AIRWAYS, BRANIFF INTERNATIONAL AIRWAYS, MOHAWK AIRLINES, KUWAIT 
AIRWAYS and CENTRAL AFRICAN AIRWAYS. Passenger appeal and low break-even 
factors make the BAC One-Eleven the first choice for all short haul operators. The 
BAC One-Eleven is the jet successor to the Viscount with even better than Viscount economics. 



THE BAC ONE-ELEVEN IS POWERED BY TWO ROLLS-ROYCE SPEY TURBOFAN ENGINES 


BRITISH AIRCRAFT CORPORATION 

ONE HUNDRED PALL MALL LONDON SW1 ENGLAND 
USA: BRITISH AIRCRAFT CORPORATION (USA) INC., 

399 JEFFERSON DAVIS HIGHWAY, ARLINGTON 2, VIRGINIA 





AIRLINE OBSERVER 

► Local service airlines’ spectacular passenger traffic gains continued in Janu- 
ary. when revenue passenger miles increased 15.6% over January, 1962. 
Available scat miles for the month showed a 17.9% increase, lowering the 
group’s load factor for the month to 40.5%, from the 41.3% in January. 

► British Overseas Airways Corp. has had preliminary talks with Aeroflot on 
a cooperative plan for flying Americans to Moscow from New York via Lon- 
don, where passengers would transfer from BOAC to British F.uropcan Air- 
ways or Aeroflot. Latter two airlines have a revenue-sharing agreement on the 
London-Moscow route. Aeroflot told BOAC that 16,000 Soviet tourist visas 
are issued to Americans each year, and the figure is growing. Meanwhile, 
there arc no signs that the U. S. is ready to act on the Sovict-U. S. bilateral 
air transport agreement, which has been initialed by both countries but not 
formally signed. 

► Russia's Aeroflot fell short of its 1962 cargo and mail goals by an even 
wider margin than it missed its passenger target (AW Feb. 11. p. 47). In 
the Russian Republic, which has more than half of the USSR's population 
and over 75% of its area, the Soviet airline monopoly's cargo tonnage in- 
creased only 10% in 1962 and mail tonnage rose only 2%. Aeroflot's total 
cargo and mail tonnage for the entire USSR was "almost a million” metric 
tons last year, compared with 843,000 tons in 1961. Passengers carried in 
1962 totaled 27 million, three million less than planned. 

► Allegheny Airlines has warned the Civil Aeronautics Board that federal 
subsidy to local service airlines cannot be cut 50% by 1970, as suggested by 
a Board planning office, without drastically and arbitrarily curtailing air 


► Watch for BOAC to push for British government pennission to enter the 
military charter haul fleet, so it can utilize its 12 Bristol Britannia turboprop 
transports now grounded at Cambridge Airport awaiting a buyer. BOAC has 
kept away from charter business because such activity was the primary source 
of revenue for independent carriers. The airline now feels that it should 
have a share in military contracts since independents are being granted more 
scheduled passenger routes under a new government policy. 

► CAB Chairman Alan S. Boyd last week met with Laurence K. Walrath, 
chairman of the Interstate Commerce Commission, and Thomas E. Stakcm, 
chairman of the Federal Maritime Commission, in response to President 
Kennedy’s request that the three agencies meet periodically to seek coordi- 
nated solutions to common transportation problems. One of the several 
points discussed covered the need for facilitating joint and through rates 
between various modes of transportation. 

► Harold Bamberg, former director of BOAC-Cunard who resigned in a 
dispute over policy, has purchased 60% of Cunard Eagle Airways from 
Cunard Steamship Co. Transaction docs not involve any link with BOAC. 
but centers on a pattern of European scheduled service. The airline's name 
probably will revert to the original Eagle Airways, which Bamberg founded 
in 1948. Equipment at present includes two Bristol Britannia 312 turboprop 
transports, two Vickers Viscount turboprops and three Douglas DC-6B 
transports, all based at London Airport. 

► Smaller tninklincs continue to show sharp gains on the New York Stock 
Exchange, with several recording new highs for the 1962-63 period during 
the past few weeks. Northwest, National ahd Western common stocks 
have been particularly strong. 

► Trans World Airlines has revised the organizational structure of its finance 
department. Under the plan, James J. Kerlcy relinquishes the title of treas- 
urer but remains head of the department as vice president-finance. New 
treasurer is Howard Swanson, who will join TWA next month from the 
National Broadcasting Co. B. H. Turney becomes assistant to Kcrlev and 
James F. O’Crowlcy, Jr. succeeds Turney as controller. TWA has also 
named Robert S. Senator as senior director of integrated data processing. 


SHORTLINES 


► American Airlines last week swelled 
the flood of promotional fares bv pro- 
posing a half-hire plan for U. S. military 
personnel on leave or furlough. In ad- 
dition, as of late last week, most trunk- 
lines had filed a half-fare family plan 
tariff with the Civil Aeronautics Board 
(AW Feb. 13, p. 52). 

► British Overseas Airways Corp. has 
entered into the trading stamp field 
through an agreement with Green 
Shield of Great Britain. Under the 
plan, Green Shield stamp books could 
be turned in to a travel agent or the 
stamp firm for cash allowances on the 
price of a BOAC ticket. Airline would 
not handle the stamp books. 

► Commercial helicopter sales by Bell 
Helicopter Co. and its Italian and 
Japanese licensees in 1962 totaled 207 
units and spares, valued at S24.7 mil- 
lion, compared with 194 helicopters and 
spares valued at S16 million in 1961. 

► Convention on the International Rec- 
ognition of Rights of Aircraft has now 
been ratified by 19 nations including 
the U. S., according to International 
Civil Aviation Organization (ICAO). 
Purpose of convention is to protect 
property and other rights of aircraft 
operators in international operations. 

► Federal Aviation Agency will hold a 
special one-day conference Apr. 5 to 
discuss revisioh and modernization of 
regulatory requirements for aviation 
mechanic schools. 

► ICAO air navigation commission is 
asking governments for comments on 
a proposal by the World Meteorologi- 
cal Organization to use the meters-per- 
second unit for reporting wind speeds 
in international aviation. ICAO pro- 
cedures specify tire knot as the only 
unit to be used for the reporting of 
wind speeds. 

► Lake Central Airlines will report a net 
profit for 1962 of approximately S200,- 
000 after the application of a tax loss 
carry-forward. The airline reported a 
net loss of $61,137 in 1961. 

► United Air Lines’ one-class service 
tariff has been approved by CAB. The 
new fare will go into effect Mar. 10 
on the Cleveland, Chicago and San 
Francisco route and will be extended 
to Chicago-New York on Apr. 1. Tenta- 
tive plans arc to begin the fare between 
Washington, Chicago and San Fran- 
cisco on Apr. 28. 
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What’s out there? Raytheon sonar 
provides the answer in seconds 

When U.S. nuclear attack submarines patrol the oceans, 
they go armed with a unique Raytheon-developed capability 
for detecting and tracking enemy subs and surface craft at 

Installed aboard our underseas fleet arc the world's 

in all directions to spot intruders, even at the high cruising 
speeds and great operating depths of our nuclear-powered 

This complex equipment, containing thousands of parts 






MISSILE ENGINEERING 


each scries: 3-B, July 19, 1958; 3-C, Dec. 23, 1958; 3-D, Apr. 14, 1959; 3-E, Oct. 11, 1960; 2-F, Aug. 8, 1961. Atlas E and F-scrics 
missiles have landed within 1.5 naut. mi. of Atlantic Missile Range targets about 80% of the time. 


Atlas Accuracy Improves as Test Program 


By George Alexander 

Cape Canaveral, Fla.— Air Force con- 
fidence that it can. in the event of war. 
deliver nuclear warheads to within 2 
naut. mi. of targets in the Soviet Union 
and Communist China with 80% of its 
126 Atlas intercontinental ballistic mis- 
siles is based on the weapon system's 
five-year flight test record from here. 

Atlas E and F-scrics missiles, guided 
by the American Bosch Anna Corp. all- 
inertial system, landed within 1.3 naut. 
mi. of Atlantic Missile Range targets 
about SO Vr of the time. Atlas D-series 
missiles, guided by the General Electric- 
Burroughs Corp. radio-command sys- 
tem, struck within 1 naut. mi. of tar- 
gets with a frequency above 80%. In 
fact, some GF.-guidcd Atlases pushed 
the Missile Impact Location System 
iMILS) net to its limit of accuracy— 

sions. When the Atlas program began 


within 


: than eight 
radiiti ' 


of 3 


ago, accuracy 


visioned. 

Accuracy and reliability of the Atlas, 
manufactured by General Dynamics 
Astronautics, were built upon the flight 
tests of S7 research and development 
missiles over the last five years. Sub- 
systems. systems and the complete mis- 
sile system were intensely tested. Im- 
provements were made and these were 
checked until both customer and con- 
tractor were satisfied. Atlas test pro- 
gram. which began here with the fail- 
ure of Atlas 4-A on June 1 1. 195", was 
completed with the successful launch 
of 21-F Dec. 3. 1962. 

In between these two Atlases, which 
were similar in name and concept only. 

g objectives and vary- 


were S3 other n 
figurations, varyii 
ing degrees of sn 


s the firsl 
ballistic missile effor 


- U.S. 1 


ng-rangc 


pathfinder in several uncharted tech- 
nical forests. Astronautics engineers 
point to these advances in missile tech- 
nology made by Atlas: 

• Thin-skin construction. Atlas air- 
frame. 0.032-in. at its thickest, basically 
is a stainless steel balloon which relies 
on gas pressure for rigidity. The weight 
savings of an airframe made lighter by 
the absence of stringers or stiffeners is 
passed on in the form of heavier pay- 
loads. longer ranges or both. “Inside of 
1 3 rears,” another Astronautics engineer 
said of Atlas' unique structure, "indus- 
try will come back to our thin-skin de- 
sign. either for a Nor a or a redesigned 
Saturn. When you talk about vehicles 
of that size, it's silly to waste that much 
weight just to hold propellants.” 

• Contaminant control in liquid oxygen 
systems. "As a result of the Atlas pro- 
gram and techniques developed for it,” 
one engineer said. "Air Force now can 
detect the presence of hydrocarbons on 


Is Completed 

a tank surface with IR [infrared] spec- 
trophotometers down to a level not 
originally imagined possible by the 
[spectrophotometer] manufacturers.” 
Using conventional spectrophotometers 
slightly modified for the Atlas program. 
Air Force Missile Test Center's Pro- 
pellant and Chemical Laboratory is able 
to detect as little as 2 micrograms of 
hydrocarbons per milliliter. Normal 
threshold of the unmodified equipment 
is about 40 micrograms per milliliter. 

At the beginning of the Atlas pro- 
gram, General Dynamics/Astronautics 
(GD/A) established 175 microns as the 
maximum allowable size for any foreign 
particle in the Atlas' liquid oxygen 
ground or airborne system. After five 
years of flight, ground and laboratory 
testing. GD/A found this estimate to 
be overly cautious. Today, particles as 
large as 1.000 microns are tolerated. 
But where the company originally 
thought one square foot of internal tank 


surface could carry as much as 4,000 
micrograms of hydrocarbons without 
danger, today only 2,300 micrograms per 
square foot are allowed. 

• Staging. Atlas, a stage-and-a-half de- 
sign, lifts off with all three engines 
burning. The two outer engines, the 
boosters, are jettisoned after 120-125 
sec. of flight. The middle engine, the 
sustainer, bums for another 170 sec. At 
booster engine cut-off (BECO), these 
engines, which are mounted on a com- 
mon frame bracketing the sustainer, 
are cxplosivelv separated with their 
frame from the airframe. The entire 
section then slides off Atlas on a set of 
rails. Problems inherent in staging- 
timing, hardware clearances, shifting 
center of gravity, flight control response 
and adaptability — were first explored in 
depth with Atlas. 

• Liquid oxygen handling. At the be- 
ginning of the Atlas program, liquid 
oxygen was approached in much the 
same cautious way as liquid hydrogen 
is treated today. Thor, Jupiter and Red- 
stone, shortcr-rangc ballistic missiles, 
were in the early days of 1957 manually 


loaded with propellants from trucks 
driven alongside the launch stand. Flow 
rates were 300-400 gpm. “Atlas was the 
first to load remotely,” one Douglas 
Aircraft Co. engineer said, “and the 
flow' rates were much higher than ours 
[Thor].” GD/A experimented with 
two main wavs of loading liquid 
oxygen aboard a missile— topping and 
slug-filling. Comparatively the slower, 
the first method pumps liquid oxygen 
aboard Atlas at about 30,000 gpm. 
which allows chill-down of both the 
ground system and the missile. Last 
several hundred pounds of the cryogenic 
oxidizer added to the tank's normal 
flight load of 160,000 lb. are super- 
cooled below the liquid’s nominal 
— 297F. This topping lowers the tem- 
perature of the entire liquid oxygen 
mass and reduces boil-off of the oxidant 
from its liquid to its gaseous state. This 
method was used on Atlas A, B, C and 
D-series missiles. 

Second method calls for rapid trans- 
fer of liquid oxygen from storage tanks 
into the missile by helium under high 
pressure. It was designed to be used 
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Once in orbit, OGO (NASA's Orbiting Geophysical 
Observatory) must orient scientific equipment in three direc- 
tions. Some of its experimental packages must line up per- 
pendicular to the sun's rays. Other experiments must turn to 
face the earth. Another group must seek a line parallel to 
OGO's own orbital plane. STL engineers and scientists have 
produced a hermetically sealed drive mechanism to help 
solve these orientation requirements. Two mechanisms are 
used in OGO's attitude control system. One rotates solar 
arrays in continuous orientation with the sun: a second keeps 
experiment packages fixed in desired position with respect 
to the orbital plane. The drive mechanism (shown above) is 
hermetically sealed to permit use of a conventional high- 
speed servo-motor without the usual problems of gear lubri- 
cation. ]t does its work by wabble or twist motion at a rate 


of one degree per second with a final gear reduction of about 
24,000 to 1. STL’s many projects include building OGO 
spacecraft for NASA’s Goddard Space Flight Center, build- 
ing spacecraft for Air Force-ARPA, and continuing Systems 
Management for the Air Force's Atlas, Titan and Minute- 
man programs. These activities create immediate openings 
in fields such as: Space Physics, Radar Systems, Applied 
Mathematics, Space Communications, Antennas and Micro- 
waves, Analog Computers, Computer Design, Digital Com- 
puters, Guidance and Navigation, Electromechanical De- 
vices, Engineering Mechanics, Propulsion Systems, Materials 
Research. For Southern California or Cape Canaveral posi- 
tions, write Dr. R. C. Potter, One Space Park, Dept. A-2-5, 
Redondo Beach, California or P. O. Box 4277, Patrick AFB, 
Florida. STL is an equal opportunity employer. 



SPACE TECHNOLOGY LABORATORIES, INC. 

a subsidiary of Thompson Romo Wooldridge Inc. 


Angeles • Vendenberg AFB « Norton AFB, 


Bernardino • Cape Canaveral • Washington, D.C. • Boston • Huntsville » Dayton 


Atlas’ Role in Space Missions Listed 


Twenty Atlas D-scries missiles and one in B-scries have been 
used by Air Force and National Aeronautics and Space Adminis- 
tration as boosters for a variety of space missions. Ultimate criterion 
of Atlas performance as a space booster must be based on whether 
ii delivered its payload to the proper point in space. By this 
reckoning, Atlas 10-D is considered successful although the booster 
malfunctioned. 10-D was programed to fly a Big Joe Mercury 
capsule on a ballistic trajectory down the Atlantic Missile Range to 
test the spacecraft’s re-entry heating. When the Atlas booster 
engines failed to separate, the capsule svas placed on a re-entry 
angle much steeper than planned and experienced much higher 
heat loads than anticipated. When the capsule withstood these 
higher loads, NASA rated the mission a success and canceled plans 
for a second similar flight. 

Space missions using Atlas boosters include: 

• 10-B, Dec. 18. 1958. Project Score, Booster and mission success. 

• 10-D. Sept. 9. 1959. Mercury-Big Joe. Booster and mission suc- 

• 20-D. Nov. 26. 1959. Atlas Ablc-1. Failure. 

• 50-D, July 29, 1960. Mercury Atlas-I (MA-1). Failure. 

• 80-D, Sept. 25. 1960. Atlas Ablc-5A. Failure. Booster was 
damaged by payload fairing which came loose early in flight and 
struck the side of the Atlas. 

• 91-D. Dec. 15. 1960. Atlas Ablc-5B. Failure. Premature 
second-stage ignition, for causes undetermined, destroyed the 

• 67-D, Feb. 21. 1961. Mercury Atlas-2 (MA-2). Suborbital bal- 
listic shot. Booster and mission success. 

• 100-D. Apr. 25. 1961. Mercury Atlas-5 (MA-3). First orbital 
attempt. Failure. 

• 111-D. Aug. 25. 1961. Ranger 1. Booster success, mission failure. 

• SS-D. Sept. 13. 1961. Mercury Atlas-4 (M.A-4). First orbital 
flight. Booster and mission success. 

• 117-D. Nov. 18, 1961. Ranger 2. Booster success, mission failure. 


• 93-D. Nov. 29, 1961. Mercury Atlas-5 (MA-5). Orbital flight 
of Enos, chimpanzee. Booster and mission success. 

• 121-D, Jan. 26, 1962. Ranger 3. Booster gnidance failure, mis- 

• 109-D. Feb. 20, 1962. Mercury Atlas-6 (MA-6). Orbital flight 
of John Glenn. Booster and mission success. 

• 133-D, Apr. 23, 1962. Ranger 4. Booster success, mission partial 
success. First U.S. payload to impact on the moon. 

• 104-D. May 8. 1962. Centaur. Failure. Insulation panels around 
Centaur stage came loose, damaging booster and eventually de- 
stroying entire launch vehicle. 

• 107-D. May 24. 1962. Mercury Atlas-7 (MA-7). Orbital flight 
of Scott Carpenter. Booster and mission success. 

• 145-D, July 22. 1962. Mariner 1. Failure. Booster guidance 
equation incorrect. Destroyed by range safety officer. 

• 179-D. Aug. 27. 1962. Mariner 2. Venus fly-by. Booster and 

• II 3-D. Oct. 3. 1962. Mercury Atlas-8 (MA-8). Orbital flight of 
Walter Schirra. Booster and mission success. 

• 215-D. Oct. IS. 1962. Ranger 5. Booster success, mission failure. 
Using the Atlas D-Agctra launch vehicle. Air Force has launched 

at least five Midas and 12 Samos satellites. First two Midas spucc- 

Samos. have been launched from I’t. Arguello. Calif., adjacent to 
Vandenberg AFB. Dept, of Defense has not announced the 
results of any of these Rights since Nos'. 22. 1961. but it is under- 
stood that only one Midas and three Samos satellites failed to 
achieve orbit. 

Midas successes were recorded May 24. 1960; July 12. 1961: Oct. 
21. 1961 and Apr. 9. 1962. Lone failure occurred on the first 
launch attempt. Feb. 26. 1960. and was attributed to the Agcua. 

Samos successes ss'ere recorded on Oct. 11. 1960; Jan. 31. 1961; 
Dec. 22. 1961; Mar. 7. 1962: Apr. 26. 1962; June 17. 1962; July 
18. 1962; Aug. 5. 1962: Nos . 11. 1962. Three failures w-crc Sept. 
9, 1961; Nov. 22. 1961 and Dec. 17. 1962. 


on the Atlas E and F -scries missiles to 
provide fast reaction time. 

Both methods sought to reduce 
gcyscring— the formation of gaseous oxy- 
gen hubbies within the liquid mass. 
Gcyscring can become severe if the 
missile stands in sunlight for any length 
of time and engineers generally consider 
a missile lost if the turbopumps of its 
engines ingest bubbles along with pro- 
pellant, Gas-driven pumps arc held at 
constant speed by a full volume of 
liquid propellant. Bubbles cause a sharp 
pressure drop when they enter the im- 
pellers of the pump; the pump over- 
speeds, then overheats and finally ex- 
plodes. 

GD/A found that the best way to 
avoid this was to delay liquid oxygen load- 
ing until the last practical moment in the 
countdown and then to slug-fill the tank 
rapidly, topping it just prior to launch 
with super-cooled oxidant. Present oper- 
ational Atlas squadrons use this com- 
bined loading method and so docs in- 
dustry. with some variations. Chill-down 
times and boil-off are reduced consider- 
ably. 

GD/A and USAF project engineers 
emphasize the fact there were no com- 
parable long-range programs prior to 


Atlas from which their weapon could 
benefit, as successive programs have 
benefited from Atlas' experience. 
"Titan-1 saved itself time by going 
straight to our I.OX loading methods." 
one engineer said. "In a lot of [missile 
technology] areas.” another said. “Atlas 
was the first to do any extensive devel- 
opment work." 

Acquisition of this fund of knowl- 
edge was not always painless. Of 87 re- 
search and development Atlases. 10 were 
classified as failures and 18 as partial 
successes, which also is to say partial 
failures. B. G. MacNabb, GD/A direc- 
tor of launch operations at Cape Canav- 
eral, and other industry spokesmen sav 
that a failure is total only when the test 
yields absolutely no data. 

“We generally learned something 
from each failure," MacNabb said. 
"Usually, it took us two flights to cor- 
rect a problem. After it cropped up on 
the first flight, we would analyze what 
went wrong and try to figure out just 
what had happened. Then we would 
instrument the next bird to cover those 
possibilities and if it failed again in the 
same wav. well, we knew the reasons. 
But if von had a number of things go 
wrong [on one flight], then the reasons 


could get buried among themselves and 
it might take several more flights before 
you could unravel the whole thing." 

The first two Atlases. 4-A and 6-A, 
flown in the flight test program exem- 
plify this. About 24 sec. after liftoff, 
one of 4-A’s two booster engines sud- 
denly shut down and the vehicle yawed 
sharply in the direction of the dead 
engine. Three sec. later, the other en- 
gine also quit and 4-A rotated in a 
complete loop, nose toward the ground 
and engines toward the sky. At about 
50 sec., after liftoff the range safety 
officer destroved the vehicle. 

Post-flight' analysis led GD/A and 
USAF project personnel to suspect two 

E robablc causes of 4-A's failure: rccircu- 
ition of the engines' hot exhaust gases 
back into the thrust section through the 
gap of the missing sustainer engine (all 
Atlas As were powered by booster en- 
gines only) and vibrations which loos- 
ened some plumbing lines to the cn- 

Thesc areas were instrumented on the 
next Atlas. 6-A. launched Sept. 25. 
1957. and suspicions were confirmed 
when this missile failed in a manner al- 
most identical to that of 4-A. It was 
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November 21, 1918. Over the first air-to-ground radio gear, 
President Wilson talks to a plane circling the White House. 
The Bell System's new “VT-1", the world’s first mass-produced 
vacuum tube, makes this broadcast possible. 



42 years later. In a ceremony commemorating the 1918 event, 
an amplifier equipped with 42-year-old "VT-l's" performs per- 
fectly as it is presented to Major General R. T. Nelson of the 
Signal Corps by W. H. Doherty of Western Electric. 


Bell System communication component stands test of time 


Military communications took a giant step forward 
in 1917 when Western Electric, manufacturing and 
supply unit of the Bell System, made the world’s first 
mass-produced vacuum tube for the United States 
Army Signal Corps. 

Called the “VT-1”, this tube was used extensively 
in World War I military communications systems. It 
is the archetype of modern electron tube technology. 

In the 1960 ceremony shown above, 42-year-old 
“VT-l's" matched the performance of modern tubes 
in reproducing voice and music! 

Although the Bell System’s 1948 discovery of the 


transistor and other developments have rendered 
the “VT-1" obsolete, its reliability is undiminished. 
As a matter of fact, it is still popular today with 
hobbyists and collectors who are hi-fi enthusiasts. 

Reliability of this kind is built into all Bell System 
military communications. Bell System reliability is 
evidenced today, as it was in the “VT-1" back in 
1917, in many military communications systems 
such as the DEW Line, BMEWS and others. 

In the Bell System, the world's most imaginative 
and skilled communications specialists work cease- 
lessly to strengthen America's defense. 



Bell Telephone System 


AMERICAN TEL. & TEL. CO. / WESTERN ELECTRIC CO. / BELL TELEPHONE LABORATORIES / 21 OPERATING COMPANIES 



First Photo Shows Gemini Recovery Area 


Aerial view of Gemini Titan 2 Complex 19 at Cape Canaveral. 
Fla., shows the area being cleared and leveled by Martin Co., 
Titan 2 builder, for recovery of the two Gemini pilots in the 
event of a pad abort. Legs of the triangular-shaped area are each 
1,000-ft. long and the angle between them is 54 deg. All elevated 
obstacles arc being removed; even pad illumination lights will be 
installed flush in the ground. Cleared area will be deluged with 
water in the event of booster explosion. In present Gemini cap- 
sule design, pilots' scats are angled at 9 deg. above horizontal and 
12 deg. apart. Ejection motor on each seat will develop 2,500-lb. 
thrust and burn for 1 sec.; pilots should be clear of capsule 0.4 
sec. after motor ignition. Barostats will activate seat-mounted 
chutes 3 sec. later when pilots arc about 300 ft. above the ground. 


escape procedures after notification from range safety officer of 
his intention to destroy a malfunctioning booster. One switch 
will eject both seats. Ejection scats will be the primary escape 
method up to 80,000 ft. After that, pilots will escape by firing 
their spacecraft's four solid-propellant rctrorockcts, each devel- 
oping 2,500 lb., and separating the capsule from the launch 
vehicle. Pilots would then fly their capsule back to earth by 
paraglider. NASA, Martin and Gemini capsule manufacturer. Me- 

stand before the erector is dropped, preparatory to engine ignition. 
These include a cherry-picker, high-speed elevator, cork-screw type 
slide and lifelines. 


determined that a low-pressure area was 
being created in the thrust section by 
the relative velocities of the engines’ 
exhaust and the airstream down the 
side of the missile. Hot exhaust gas was 
being drawn back up into this area, 
which was enclosed by a skirt, and was 
melting cabling and components; pro- 
pellant flow-control and engine actua- 
tor systems were being destroyed. 

As a result of these two flight fail- 
ures, a heat shield was installed just 
above the engines of subsequent vehi- 
cles, some plumbing was redesigned (an 
aluminum line was replaced by a stain- 
less steel tube) and other lines and 
cables relocated and additionally insu- 
lated. The thrust section skirt also was 
shortened by 19 in. to reduce the vol- 
ume of the engine compartment and 
allow the exhaust gases greater disper- 
sion freedom. These fixes were incorpo- 
rated on Atlas 12-A, which was launched 
successfully Dec. 17, 1957. 

Thrust section heat shield is an ex- 
ample not only of a quick fix to an 
unexpected problem but also of a part 
which underwent a scries of improve- 
ments until an optimum design was 
reached. First heat shield was a metal 


slab with a deposit of pure gold on the 
side facing the exhaust gases. Heavy 
and costly, it gave way to a dual-sheet 
structure of aluminum and glass fiber. 
This was replaced by the present alu- 
minum honeycomb structure sand- 
wiched between two sheets of glass 
fiber. 

Improvements to the Atlas system 
were made throughout the missile’s 
five-year test program, but only where 
performance could be enhanced, com- 
plexity reduced or procedures simplified. 
Thus, four or five different types of 
anti-slosh baffles were tested in Atlas 

S llant tanks before one design 
was chosen; a heat shield was 
added to the engine compartment; a 
miniaturized and mostly solid-state auto- 
pilot replaced its electromechanical 
predecessor, etc. The list is lengthy. 

But when it was discovered that the 
sustainer engine was consistently and 
unexplainable running 4 to 5% below 
designed specific impulse, nothing was 
done to correct the deficiency. Since 
all other performance parameters of the 
engine were satisfactory and the thrust 
differencc-about 5,000 lb.— was within 
tolerance limits, it was felt unwise to 


tinker with an otherwise reliable power- 

This was the basic philosophy fol- 
lowed by USAF and GD/A in the 
development of Atlas; it was designed to 
meet Air Force’s urgent requirement of 
a usable weapon during early 1959. 
This deadline for an initial— or interim, 
according to some— operational capabil- 
ity (IOC) was predicated upon USAF's 
estimate that the Soviet Union would 
have a strategic missile force in being 
around 1960. 

When Atlas was under design in 
1954-56, it was realized that the most 
effective ballistic missile weapon sys- 
tem would be one guided by a jam proof 
all-inertial system and carrying a high- 
Mach ablative re-entry' vehicle. Since 
these two critical elements appeared 
beyond the grasp of the then-existent 
technology and therefore unavailable 
by 1959, it was decided to follow a tech- 
nical road which would eventually result 
in a “most effective” weapon but which 
also would allow an interim weapon to 
be pulled out of the development cycle 
to meet the 1959 requirement. 

This interim weapon was to be 
equipped with radio-command guidance 
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and a heat-sink type of nose cone. Since 
these were less complex than their ad- 
vanced counterparts— all-inertial guid- 
ance and ablative re-entry— it was felt 
that they could be developed in time to 
meet the 1959 requirement. This early 
Atlas weapon was to be designated the 

Entire program was to run much like 
a conveyor belt, with a steady supply of 
basic vehicles coming down the line at 
GD/A’s San Diego, Calif., plant. Modi- 
fications dictated bv test flights at the 
Cape were to be incorporated in missiles 
on the line. 

Rather than wait for all major ele- 
ments of the weapon system to reach 
developmental maturity before starting 
flight tests-and possibly miss the 1959 
date— Air Force decided to begin 
launches in April, 1957. with the hard- 
ware then at hand and to add elements 
as they became available. 

Booster Tests 

For example, when the propulsion 
system configuration was frozen during 
the design phase, it included an engine 
—the sustainer-which had not even 
been designed. Rather than delay the 
program, flight tests began with Atlases 
powered only by the two booster en- 
gines. By the time the sustainer was 
available in 1958, eight Atlases had 
been launched and useful data acquired 


on booster performance. Airframe de- 
sign also was validated during this one- 

The six scries (A through F) which 
were flown during the Atlas test pro- 
gram were based on only two vehicles: 
the research and development vehicle 
and the operational weapon. A, B and 
C-series were the research and develop- 
ment vehicle, E and F-series were the 
operational weapon. Some consider the 
D-series Atlas a research and develop- 
ment vehicle converted for operational 
use; others call it a prototype weapon. 
In either event. Atlas D was the first 
to be delivered to Air Force as a 

Series designated a block of Atlases 
with common test objectives. A, B and 
C-series missiles usually tested major 
elements of the Atlas system. D, E 
and F-series usually tested the system 
as a complete entity, including ground- 
based elements. 

Eight Atlas As were flown from the 
Cape between June 1 1. 1957, and June 
5, 1958. Basic objectives of the A- 
scrics were over-all perfonnancc and 
compatibility of the booster engines, 
autopilot system and airframe, includ- 
ing the pneumatic, hydraulic and elec- 
trical systems. Only a minimum of 

and programed range nonnallv was 
600 mi. 


Violent maneuvers of Atlases TA 
and 6-A, prior to their destruction by 
the range safety officer, proved that the 
pressurized airframe could stand up un- 
der dynamic forces far in excess of 
design specifications. Post-flight analy- 
sis of films of these two missiles re- 
vealed no deformation of the airframe 
during uncontrolled flight. 

Heating Problem 

Missiles 13-A and 11-A. launched 
Feb. 7 and Feb. 20, 1958, respectively, 
taught a hard lesson in aerodynamic 
heating. Both broke up late during 
booster operation when aerodynamic 
heating caused circuits in the vernier 
engines to fuse and then short. Result- 
ant voltage surges led to complete loss 
of the flight control system, of which 
the verniers arc part. Problem was 
solved by covering the l,000-lb.-thrust 
engine with heat-resistant fairings. 

Major problems uncovered by the 
A-series, in addition to thrust section 
overheating and high aerodynamic heat 
loads, included resonant coupling of 
the missile’s autopilot with the bending 
frequencies of the vibrating airframe 
(solved by adding a filter to the auto- 
pilot) and frothing of the lubrication 
oil in the booster turbopump gearbox. 
This last-mentioned problem was at- 
tributed to a lack of pressurization in 
the oil reservoir, at the low pressures 
of high altitudes, the oil bubbled off. 
Reservoir consequently was pressurized 
and the problem solved. 

Atlas-A Results 

Results of Atlas A-series flights were 
estimated by USAF as: 

• Four successes— 1 2-A, Dee, 17, 1957; 
10-A, Jan. 10, 195S; 11-A, Feb, 20, 
1958; 16- A. June 3, I95S. 

1 9 ^4%“ 57; A i /'v'Velx 
7, 1958; 15-A, April 5. 1958. 

A missile that achieved 75'- or more 
of its test objectives was rated success- 
ful. From 25 to 75%. it was a partial 
success and below 25%, a failure. 

Ten B-series vehicles were flight-tested 
between July 19. 195S, and Feb. 4, 
1959. Atlas Bs carried practically all 
airborne systems intended for use on the 
initial operational weapon system, in- 
cluding the complete Rockctdyne Div. 
of North American Aviation propulsion 
system and the GE-Burroughs guidance 
system. Series objectives were to test 
the performance of the three-engine 
propulsion svstem and staging of booster 
engines, to evaluate the nose cone sepa- 
ration mechanism, determine perform- 
ance of the radio-command guidance 
system and evaluate an experimental 
inonopropellant accessory power supply 
package. 

Accessory power supply typified prog- 
ress made in many subsystem areas dur- 
ing five years of flight testing. Initially, 
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TWO CONSIDERATIONS WHEN BUYING A COMPUTER. 

HERE, TOO, THE LGP-30 BEATS COMPETITION. 

Uptime is the opposite of downtime. The time a computer will be giving service, not receiving it. With the LGP- 
30, uptime averages 97.5%. What other computer offers such high reliability? □ Software is the complement 
of hardware. The programming material fed into the computer rather than the equipment itself. Software 
-the program -can cost you a fortune or nothing. With the LGP-30, there’s a good chance programming 
will cost nothing — thanks to our extensive Library of Programs. □ Unfair to the competition? Here are 
the other facts about the LGP-30. It’s the most powerful computer in its class, with memory (4096 words) and 
capacity equal to computers that cost twice as much money and consume twice as much space. The LGP-30 
is the easiest computer to program-even non-technical personnel can master it. You can operate the LGP-30 
yourself— without dependence on a computer programming specialist. □ Solutions are printed in any 
desired alpha-numeric format— requiring no deciphering. It’s mobile— can be used by any number of people in 
any number of places. No expensive installation-just plug into conventional outlet. Sales and service avail- 
able coast to coast. For complete information about rental or purchase, write Commercial Computer Division. 
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Two things determine whether or not 
a particular printed circuit connector 
is "right" for your application: 

1. How the printed circuit board 

mates with the connector, and 

2. How the connector connects to 

the rest of the system. 

Take mating, for example. Besides 
having the correct number of contacts, 
a printed circuit connector must hold 
the board securely whether the board 
happens to fall at the high or low end 
of thickness tolerances. 

These considerations convinced 
Amphenol engineers that no single 
contact design could satisfy the re- 
quirements of a wide range of appli- 
cations. So they designed three con- 
tacts that will. 

One, used in Prin-Cir* connectors, 
looks a lot like a tuning fork with lips. 
The circle lip design makes contact 
overstressing or 'setting' impossible 
— even after repeated insertions. The 
contact's long spring base also enables 
it to accommodate boards that range in 
thickness from .055" to .073". while 
doing an excellent "wiping" job. 

But not every application requires 
the Prin-Cir "bite." For this reason, 
Amphenol engineers designed connec- 
tors with ribbon contacts that mate 
with a gradual wedge-like force. In 


Be fussy 


blind mating applications, gradual mat- 
ing makes the feeling of correct mating 
unmistakable, (just the thing when 
your equipment may eventually be 
maintained by less-skilled and less- 
concerned personnel.) Ribbon contact 
wedge action also makes it possible 
for connectors using these contacts to 
accept the same wide range (.055" to 
.073") of board thicknesses as do Prin- 
Cir connectors. 

Finally, advances in micro-miniatur- 
ization (like Amphenol-Borgs In tercon® 
pre-fabricated circuitry) meant that 
tinier-than-ever-before connectors 
were needed. Amphenol's answer was 
the Micro-Min® receptacle and printed 
circuit board adapter. Micro-Min con- 
tacts are actually tiny springs of beryl- 
lium copper wire, formed in a pre- 
cisely designed arc to assure firm 
circuit board retention. This unique 
design makes it possible to space 
contacts on .050” centers and crowd 
19 connections into a little more than 
an inch of space. 

TERMINATIONS COUNT, TOO 

"How to connect connectors to the 
rest of the system" also merits a good 
deal of consideration. In some cases, 
hand soldered terminations will do just 
fine. In others, higher volume require- 
ments call for high production rate 
methods like dip soldering and wire- 
wrapping. Some engineers prefer taper 


Our printed circuit connectors are 
available with contact tails designed 
for each of these termination meth- 
ods. In addition, adapters are avail- 
able for use in connecting printed 
circuit boards at right angles to each 
other or in modular arrangements. We 
make printed circuit connectors with 
hermetically sealed contacts — still 
others with coaxial contacts. 

Take your choice. 

Any Amphenol Sales Engineer or 
authorized Amphenol Industrial Dis- 
tributor will be happy to discuss print- 
ed circuit connectors (ours) with you. 
Or, if you prefer, write directly to 
Dick Hall, Vice President, Marketing, 
Amphenol Connector Division, 1830 
S. 54th Avenue, Chicago 50, Illinois. 



Wedging action of Amphenol ribbon-type (A) 
and long spring base of Amphenol Prin-Cir 

board retention, whether board happens to 
fall at low (.055") or high (.073") end of 
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SURVIVABILITY. • •Continually striving to better safeguard man 

in the air, PACIFIC SCIENTIFIC has designed and developed the 0103 Series Ballistic- 
operated Harness Reel. Employing these cartridge-actuated devices, a pilot or astronaut can 
now be automatically secured to his seat and properly positioned before ejection. This is the 
latest of PACIFIC'S emergency restraint systems providing for man’s safety in the crucial 
moment between airborne emergency and ejection — when survivability depends on instant 
readiness. □ The 0103 Series Ballistic Harness Reel is currently being used on the B-58, 
B-70 and Dyna-soar escape systems. With still other development projects underway, 
PACIFIC SCIENTIFIC is ready to meet tomorrow's space-age requirements. □ When 
your program deals with the survival of man in the air, orbit, or space flight. ..call 

AEROSPACE DIVISION: P. O. BOX 22019, LOS ANGELES 22, CALIFORNIA 



CD A had planned to use conventional 
batteries to provide electrical power to 
the vehicle. Weight of batteries and 
the requirements of long storage time 
plus instant readiness capability, how- 
ever, led GD/A and L'SAF to seek an- 

Generator Tested 

A hot gas-driven generator was tested 
aboard two Atlas As and several Bs, but 
the unit never completely satisfied 
CD A and USAF. In the meantime, a 
dry battery with a liquid electrolyte 
contained in a separate reservoir was 
developed. Upon command, the elec- 
trolyte could be released into the plates 
and the battery activated. Astronautics 
returned to batteries for power and part 
of the Atlas launch countdown today is 
the activation of the missile's silver 

Major difference between A and B 
Atlases was the deletion of the liquid 
oxygen supplementary tank pressnriza- 

liicles. despite their lack of a sustaincr 
engine, for evaluation purposes. It was 
dropped from B vehicles when it was 
discovered that the helium pressurizing 
gas plus oxygen boil-off would be suffi- 
cient both to maintain airframe integrity 
and to provide a net positive suction 


head at the tank outlet to the engine, 
at the low-pressure altitudes where the 
sustainer would be operating solo. 

Development of the in-flight tank 
pressurization system was described by 
one engineer as "a real achievement." 
Helium is contained in seven high-pres- 
sure bottles located in the engine com- 
partment and is drawn from these reser- 
voirs during flight. Passed through a 
heat exchanger, it is wanned and ex- 
panded and then introduced into the 
tankage. Fuel tank is pressurized to 
about 60 psi. and the oxidizer tank 
directly above it to about 26 psi. Regu- 
lators hold these pressures to a toler- 
ance of less than 0.5 psi. to preclude 
reversal of the common bulkhead be- 
tween the two tanks. 

Pressure differential is not as great 
as it might seem because of g-forccs 
during flight on the relative masses of 
propellants. Atlas normally carries 170,- 
000 lb. of liquid oxygen and 80.000 lb. 
of RP-1 kerosene-like fuel. 

GE-Burroughs radio guidance sys- 
tem was flown open-loop on the last 
two Atlas A missiles, partialis closed- 
loop on the first two Bs and completely 
closed-loop on the rest of the Bs. all of 
the Cs and all but seven of the D-series. 
Open-loop means that the system was 
flown and operated aboard the missile, 
but did not actually control the flight. 
Partially closed-loop means that it did 


not generate steering command', bit 
otherwise operated normally in sequenc- 
ing engine operations, flight controls, 
etc. Closed-loop means that the system 
controlled the flight completely. f-E 
system made its first closed-loop flight 
aboard Atlas 5-B. Aug. 28. 195S. 
Guidance System 

Initial Mod-1 guidance system devel- 
oped by GE consisted of a pulse-type 
tracking radar, rate transmitter and four 
rate receivers in an X-shaped configura- 
tion. Radar and rate transmitter were 
at the intersection of the X, with the 
four receivers at the ends of the X and 
connected by land lines to the former. 
A MocI-2 featured some minor improve- 
ments in the system but was only an 
interim step to the final Mod-3 design. 
Mod-3 system used only two rate re- 
ceivers laid out at right angles to each 
other from the centrally-positioned radar 
and transmitter. Pulse radar, which had 
a higher pulse repetition frequency than 
in earlier versions, gave position, range 
and elevation data of the Atlas. Rate 
system gave range, range-rate and veloc- 
ity data through phase shift mensnre- 

"Right from the start," said one CE 
engineer, "we made careful statistical 
evaluations of each flight, looking for 
bias errors." The company even made 
extensive studies of atmospheric refrac- 


TOTAL CAPABILITY- through UTL Services 




Your Company can attain total capability by utiliz- 
ing UTL services in Reliability Engineering, Techni- 
cal Services and Testing. 

As an independent and objective organization, the 
technical assistance rendered by UTL on many major 
weapon and space programs has provided industry 
and government with highly valued and advanced 
developments in the fields of . . . 

RELIABILITY ENGINEERING . . . program 
plans, training instruction, prediction, design revieiv, 
part selection, quality assurance. 

TECHNICAL SERVICES . . . installation, eval- 
uation, logistic support, design, technical documenta- 
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The quality of our IF strips 
has been hidden within our systems . . . 



until now. 


What’s behind Loral’s success in meeting — or exceeding 
-MIL-SPECS in the creation of "black boxes," both sys- 
tems and subsystems, for the military for over 15 years? 
The quality built into components such as this IF 
amplifier. 

This unit, one of a series of IF amplifiers operating at 
center frequencies from 30 to 160 megacycles, was 
developed for a Loral system that meets MIL-E-5400. 
It is now ready for YOU through our General Products 
Division. 

Such amplifiers are available as virtually "off-the-shelf" 


items and are representative of Loral's R & D capacity 
to create electronic components that are the best pos- 
sible buy in the smallest, most reliable package -Value 
Engineered throughout. 

We may have, right now, the electronic component that 
will help YOU do an important defense job while saving 
YOU the unnecessary time and cost of undertaking your 
own R & D. For further information on our complete line 
of amplifiers and other precision microwave products, 
write: General Products Division, LORAL ELECTRON- 
ICS CORPORATION, 825 Bronx River Avenue, The 
Bronx 72, New York. 




You are cordially invited to visit our booth at the IEEE Show, March 25-28, 1963. 
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tion to eliminate refractive errors in 
transmissions. 

Accuracy of the guidance system was 
evaluated by a "best-estimate" analysis 
of tire trajectory flown by the Atlas. This 
was a mathematical solution of the 
tracking data acquired by ballistic cam- 
eras. the GD/A-developed Azusa track- 
ing system and the GE system itself. 
Data from each system was weighted 
according to the quality of the data ac- 

3 Hired bv that system on a particular 
ight. Generally, the ballistic cameras 
were the standard for comparison. 

Greater accuracy came with more ex- 
perience. Procedures— of tuning, cali- 
brating, checking-out, installing and 
maintaining the guidance system— were 
of equal or greater importance than 
hardware improvements or elimination 
of bias errors, according to one GE 

Impact Accuracies 

Effort made by GE can be appre- 
ciated by the fact that from the middle 
of D-series testing on. impact accuracies 
were measured in tenths of a mile— e.g.. 
0.6 naut. mi. short or long. 0.5 naut. 
mi. wide to the left or right of target. 
During B and C-serics testing, while the 
system was still undergoing major devel- 
opment. some Atlases impacted from 
10 to 15 naut. mi. short or long and 
from 5 to 10 naut. mi. wide. 

Of the 10 Atlas Bs flight-tested, six 
had been programed for ranges between 
2.400 and 5.100 naut. mi. Four reached 
their planned distances. Two others, 
without separable nose cones, had been 
programed for full >.>00 naut. mi. 
flights into the ocean impact area: ohlv 
one— 12-B, launched Nov. 28, 1958- 
was successful. 

Test of Atlas 13-B 

Atlas 13-B, launched Jan. 15, 1959, 
had been programed both for 5.500 
naut. mi. range and separation of its 
re-entry vehicle. The Atlas performed 
satisfactorily but the nose cone did not 
separate cleanly. The test was rated a 
partial success.' Atlas 10-B was Project 
Score, launched Dec. IS. 195S. Entire 
Atlas, minus only its two booster en- 
gines. went into orbit around the earth, 
carrying a tape-recorded Christmas mes- 
sage from President Eisenhower. 

Results of Atlas B-series tests were: 

• Six successes— t-B. Aug. 2. 1958: 5-B. 
Aug. 28. 1958: S-B. Sept. 14. 1958; 
12-B. Nov. 2S. 1958; 10-B, Dec. IS. 
195S: 11-B, Feb. 4. 1959. 

• Two partial successes— 9-B. Nov. 1 7. 
I95S: 13-B. Jan. 15. 1959. 

•Two failures- 5-B. July 19, 1958: 6-B. 
Sept. 18, 1958. 

C-serics testing began Dec. 23. 1958. 
almost 15 months before the B-series 
flights were concluded. When the bulk 
of the primary objectives of one series 


had been met satisfactorily, USAF 
started the next scries. This over- 
lapping was in keeping with USAF's 
drive to develop an operational weapon 
by 1959. 

’ The six Atlas C-scries missiles which 
were flown from Cape Canaveral in- 
corporated a number of improved or 
re-designed subsystems and components 
as a result of A and B-serics experiences. 
Major changes included: 

• Lighter gage airframe skin. Thickness 
of the cold-rolled austenitic grade-301 
stainless steel used in the manufacture 
of Atlas varies with airframe station. 
A and B-series missiles had skins rang- 
ing from 0.024 to 0.060-in. thick. 


C-serics missiles were the first to be 
made of 0.020 to 0.040-in. thick stock, 
at one time the planned design of the 
weapon’s airframe. Flight-testing, how- 
ever, revealed that even thinner steel 
could be used in fabricating Atlas. 

• Readjustment of the oxidizer-fuel pro- 
portions. In the beginning of the flight- 
test program, GD/A recognized that 
there were wide variations in the spe- 
cific gravity of the RP-1 kerosene fuel 
delivered at Cape Canaveral. To ac- 
commodate fuel loads of varying 
density, CD/A positioned the common 
bulkhead separating the oxidizer and 
fuel tank volumes higher than ncccssarv. 

(Continued on page 69) 



give your oxygen problem to Puritan 

Nearly 50 years ago when the medical profes- 
sion called for solutions to breathing problems 
in hospitals, Puritan applied its technical skills 
to develop mechanical answers . . . devices to 
fill the needs safely and reliably. 





sengers and crew members. 

More recently, Puritan has come to be recog- 
nized as a leader in the field of positive pres- 
sure breathing through the development of 
respiratory apparatus by its subsidiary, Ben- 
nett Respiration Products, Inc. 

For safe, assured high altitude breathing, give 
your oxygen problem to Puritan. 

Puritan Equipment, Inc., 1703 McGee Street, 
Kansas City 8, Missouri, a subsidiary of Puritan 
Compressed Gas Corporation. 
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PERSHING is the most successful missile ever fired 

from the Cape ... 38 successes in 45 shots. 


A fast-reaction, all -environment nuclear weapon. Solid propellant. 
Martin-designed high-speed re-entry body. 

Delivered to the U.S. Army in November 1962-ahead of schedule 
set four years earlier. 

To date, Martin management efficiencies have added more than 
$19,000,000 in equipment and services to Pershing 
with no increase in contract cost. 


At Martin, Systems Management means the best possible product 
in the shortest possible time at the lowest possible cost. 
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After fuel manufacturers achieved bet- 
ter quality control in making RP-1. the 
bulkhead was lowered 27 in. and the 
relative proportions of oxidizer and fuel 
changed— increasing the former and de- 
creasing the latter. 

• Anti-slosh baffles. A and B-scries At- 
lases had carried a variety of experi- 
mental baffles in each propellant tank. 
C-serics established the final configura- 
tion of the approximately -1-in. wide 
baffles as a series of about 12 rings 
spaced logarithmically from bottom to 
top inside the oxygen tank. I-iquid oxy- 
gen tank also contains a unit at the bot- 
tom to prevent vortices. Fuel tank 
contains a perforated plate in the con- 
ical aft end to prevent both sloshing 
and vortices. 

• Propellant utilization system. The 
GD/A-developcd level-sensor system, 
first flown aboard B-scrics missiles, was 
replaced bv the more advanced Acous- 
tica Associates. Inc., sonic system to- 


SAC Firings 

Strategic Air Command crews have 
launched 29 Atlases from Vandcnbcrg 
APB, Calif., in training exercises since 
Sept. 9. 1959. date of tile first such 
launch. General Dynamics/ Astronautics 
personnel assisted SAC crews in the first 
several launches, but the Air Force crews 
encountered diflicullies when they began 
launching the missile unassisted. Project 
Coklco Ram i \W Dee. 19. 1 960. p. 
25) then was initiated to simplify launch 
procedures and to give USAF crews a 
greater familiarity with the weapon svs* 

' I.ike GD/A crews at Cape Canaveral 
during Atlas' fivc-vt-ar flight test program 
there. SAC crews grew more proficient 
at Vandcnbcrg with more experience. 
The results of the launchings were: 

• Twenty sncccsses-12-D. Sept. 9. 1959; 
6-D, Jan. 26, 1960; 25-D, Apr. 22. 1960; 
99-D, Dec. 16. 1960. First Golden Ram 
launch (AW Dec. 26. 1960, p. 2d); 95-D, 
May 24. 1961; 101-D, Aug. 22. 1961; 
5 3 D, Nov. 25. 1961; 82-D. Dec. 6. 
1961; 123-D. Jan. 17, 1962; 132-D. Jan. 
23. 1962; 137-D, Feb. 16. 1962; 66-E. 

tional-tvpc facility; 134-D. Mar. 23. 
1962; 129-D. Apr. 11. 1962; HOD. Apr. 
27. 1962; 127-D, May 11. 1962; 14I D. 
July 12. 1962. Flown 6.111 naut. mi. 
into Philippine Sea; 13 D, July 19. 1962. 
First Nike Zens target vehicle; S-D, 
87-D, Aug. 9, 1962. First multiple 

• Five partial successes— 74-D. July 22, 
1960; 47-D. Sept. 12. I960; 33-D. Scpt. 
29. 1960; 27-E. June 7. 1961. First Atlas 
E fired from coffin; 67-E. July 13. 1962. 
Test of facility system. 

• Four failures— 23-D, May 6, 1960; 
81-D, Oct. 12. 1960; 52-D, Feb. 21. 
1962; 64-E, Dec. 18, 1962. 


ward the end of the D-scries. The 
Acoustics system presently is aboard 
Atlas E and F-scries missiles. System 
constantly monitors amount of oxidizer 
and fuel remaining in both tanks and 
adjusts flow rates of each to maintain 
an even mixture in the engines. 

One of the major objectives of the 
C-serics tests was demonstration of both 
the GE guidance system's accuracy and 
reliability and the adequacy of range 
safety procedures and equipment. Be- 
fore launching missiles into the Ascen- 
sion Island MILS net. some 4.400 naut. 
mi. downrangc of the Cape in the South 
Atlantic. Air Force wanted to be certain 
that probability of a missile straying 
from its trajectory was slim and that if 
one did wander off course, range safety 
could catch the deviation in time to 
destroy the missile before it posed a 
hazard to any of the inhabited islands. 
Of particular concern to USAF was tile 
British colony of Ascension Island, 
about 40 naut. mi. north and slightly 
west of the MILS net. where re-entry 
vehicles would be landing. 

Six Atlas Cs. carrying the GE Mod-3 
guidance system, therefore were flown 
for ranges between 3,SOO and 4.300 
nant. ml. into the broad ocean area 
north of Ascension. Accuracies of these 
launches were determined by the Im- 
pact Predictor, an International Business 
Machines 7090 computer located at the 
Cape, and by Sofar bombs detonated in 
the ocean after re-entry vehicle impact, 
f ir sound-distance measurements by 

In addition to its prime objectives. 
Allas Cs also made some bonus firsts: 
ff-C. launched July 21. 1939, flew the 
first ablative re-entry vehicle, the 
RVX-2. This nose coiie was fabricated 
by GE from materials developed by 
Avco Corp. Atlas 1 1-C, launched Aug. 
24. 1959, carried a 16-mm. movie 
camera in its nose cone and returned 
the first films taken of the earth from 
an altitude of 700 mi. 

Although the C-serics did not dis- 
close any new or major problems, two 
anomalies were noted: sustainer engine 
thrust was slightly below specification 
(see above) and all three engines tended 
tu run liquid oxygen-rich during flight. 
Redesign of propellant valving solved 
the latter problem but the former was 
disregarded as negligible. 

Results of Atlas C-scrics tests were: 

• Three successes— 3-C. Dec. 23. 1958: 
VC, July 21. 1959; 1 1-C. Aug. 24. 1939. 
•Two partial successes— 4-C, Jan. 21. 
1959: 7-C, Mar. IS. 1959. 

• One failure— 5-C, Feb. 20. 1939. 

D-scries. the configuration that Air 

Force intended to deploy operationally 
by the end of 1959. got off to a sputter- 
ing start in tlic flight test program. First 
Atlas D, 3-D, was launched Apr. 14. 
1959, and exploded after 30 sec. Post- 
flight analysis led CD A and USAF to 
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The business-sized Jet Commander parallels the speed and the air condi- 
tioned, pressurized comfort of the huge jet liners. Yet it can take four to six 
passengers virtually anywhere! Because the Jet Commander is as much at 
home on a short strip in suburbia as it is at a metropolitan airport. It's the 
most practical means of completely flexible executive mobility now flying! 
Write for details today. 



believe that the missile's fuel and liquid 
oxygen drains failed to close properly 
and that leaking propellants mixed in 
the hot environment of the thrust sec- 
tion. Explosion followed, damaging and 
releasing the booster section. Range 
safety officer destroyed the missile JO 
sec. later. 

The next two D-scrics missiles, 7-D, 
launched May 18. 1959. and 3-D, 
launched June 6. 1959, exploded after 
one minute of flight and after staging 
of the booster engines, respectively. 
Rough engine combustion was sus- 
pected in both cases. First successful 
D-scries flight was 11-D. July 28, 1959. 
When another successful flight followed 
on Aug. 11. 1959. with H-D. Air Force 
scheduled a critical test of the weapon 
system— a launching conducted by a 
Strategic Air Command crew from Van- 
denberg AFB, Calif. 

Atlas 12-D was programed for this 
first SAC training launch. With CD/A 
personnel in the blockhouse to help if 
necessary, the SAC crew successfully 
launched 12-D on Sept. 9, 1959, on a 
4,500-naut.-mi. flight into the Pacific 
Ocean. 

Immediately after the launch, USAF 
announced that Atlas was now opera- 
tional, although the force totaled only 
two missiles erected in research and 
devclopment-tvpe gantries at Vandcn- 
berg. A third Atlas later was erected 
in the gantry from which 1 2-D had been 
launched, after the stand had been 
repaired from the damage caused by 
launching. 

"It was declared operational.” one 
engineer said, "when Air Force thought 
it [Atlas] had a reasonable chance of 
meeting its objectives. But the weapon 
system was not vet perfected." 

C-series having proved that the Atlas 
could be flown close to populated areas 
with safety. GD/A swung the down- 
range trajectory of D-serics missiles at 
Cape Canaveral over to a more south- 
easterly bearing and began aiming the 
vehicles into the MILS net at Ascen- 
sion Island. This net is a pentagonal 
array of hydrophones, several miles on 
a side, with a hydrophone in the cen- 
ter. Splash of the re-entry vehicle hit- 
ting the water and detonation of a Sofar 
bomb carried in the nose cone give dif- 
ferent sound-intensity readings at the 
six hydrophones. Knowing the propaga- 
tion of sound in water, GD/A then 
could calculate impact of a cone within 
i to i naut. mi. or actual splash. 

Immediately after USAF's announce- 
ment that the weapon system now was 
operational on the West Coast, GD/A 
launched seven consecutive D-series mis- 
siles (17-D, 18-D, 22-D. 26-D, 28-D, 
1 5-D and 31-D) into the MILS net. 
Three of the next four Atlas Ds. (40-D, 
43-D and 49-D), were successfully flown 
beyond MILS net to a distance of 5,500 
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vances out of research laboratories and onto the 
production line. ■ This kind of better design-along 
with an outstanding ability to produce -is impor- 
tant in defending America and improving our way 
of life. Because it has a way of making the future 
happen faster, LSI may well have the answer to 
your needs in the fields of defense, aerospace and 
consumer electronics, and research and development. 
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naut. mi., where ships recorded the im- 
pact of their re-entry vehicles. The 
fourth of this group. -H-D. was success- 
fully flown 4,400 naut. mi. into the 
MILS net. 

Two of the three longest ballistic 
flights yet made bv the United States 
were with the D-series. Both 56-D and 
79-D were flown about 7.860 naut. mi. 
into the Indian Ocean off the south- 
east tip of Africa. Atlas 22-E, guided 
by the Anna all-inertial system, traveled 
7,874 naut. mi. on July 6, 1961. 

Both the GE Mk. 3 and the heavier 
Avco Corp. Mk. 4 re-entry vehicles were 
flight-tested aboard Atlas Ds. With 
either one, the Atlas D on several occa- 
sions exceeded the 5,500-naut.-mi. 
range. Weight of the D-series airframe 
and of all airborne systems was reduced 
beyond the original design when 
GD/A's experience with the A. B and C 
series revealed that these improvements 
could be made safely. This over-all ini- 

E ovement, plus improvements in the 
ficketdyne engines, was translated into 
greater range and heavier warheads. 

Seven Atlas Ds (42-D, 4S-D. 54-D, 
60-D, 66-D, 76-D and 71-D) flew the 
Arma all-inertial guidance system for 
evaluation purposes preparatory to 
E-scries testing. The first flight was con- 
ducted open- and the last six closed-loop. 
Space Boosters 

Atlas D-series also were the first of 
the General Dynamics-built missiles to 
be used as space boosters both by USAF 
and the National Aeronautics and Space 
Administration. Air Force also used D- 
series to train SAC crews (see box p. 69). 

Results of the Atlas D-scrics tests: 

• 27 succcsses-ll-D, Julv 8, 1959: 
14-D, Aug. 11, 1959; 17-D, Sept. 15. 
1959; 18-D, Oct. 6, 1959; 22-D, Oct. 
9, 1959; 26-D. Oct. 29, 1959; 28-D, 
Nov. 4, 1959; 15-D, Nov. 24, 1959: 
31-D, Dec. 8, 1959; 40-D, Dec. 18. 
1959; 43-D, Jan. 6, 1960; 44-D, Jan. 
26, 1960; 49-D. Feb. 11, 1960; 42-D, 
Mar. 8. 1960; 56-D. Mav 20, I960; 
54-D. June 11. 1960; 62-D. June 22, 
1960; 27-D, June 27, 1960; 60-D. Julv 
2, 1960; 32-D, Aug. 9, 1960: 66-D. Aug. 
12. 1960; 76-D. Sept. 16. 1960: 79-D. 
Sept. 19, 1960; 71-D, Oct. 13, 1960: 
55-D. Oct. 22, 1960: 83-D, Nov. 15, 
1960; 90-D, Jan. 23, 1961. 

• Two partial successes— 7-D, Mav 18. 
1959; 5-D, June 6, 1959. 

• Three failures- 3-D, Apr. 14, 1959; 
51-D, Mar. 10, 1960; 48-D, Apr. 7, 
1960. 

The 18-Atlas E-series missiles flown 
from the Cape were production-line 
weapons, differing from those Es de- 
livered to SAC missile bases only in 
the addition of test instrumentation. 
E-series, is emplaced horizontally at 
operational bases in semi-hardened cof- 
fins. It must be erected to the vertical 
and fueled before launching and norm- 


ally carries the Avco Mk. 4 re-entry 
vehicle. 

E-series was the first Atlas powered 
by the Rockctdyne MA-3 propulsion 
system, which has a total of 389.000 
lb. of thrust. Sustainer engine and 
two verniers remained fairly constant 
throughout at the flight test program at 
57,000-lb. and 1,000-lb. thrust each, re- 
spectively. Boosters were constantly up- 
rated: A-serics had the MA-1 engines, 
producing 1 50,000 lb. thrust each; B. C 
and D-series had the MA-2 package, de- 
veloping 155,000 lb. thrust each. 

MA-3 Engines 

Each booster engine in the MA-3 
design, used on the F-series as well as 
the E-series, developed 165.000 lb. 
thrust. In addition, MA-3 boosters 
contained separate and independent 
turbopumps and propellant-feed lines. 
MA-1 and MA-2 booster engines shared 
a common pump and lines. MA-3 
engines, in addition to being designed 
for greater accessibility and maintain- 
ability, also lacked the rough combus- 


tion cutoff (RCC) device of earlier 
series. This device was used to shut 
down a rough-burning powerplant dur- 
ing the several seconds hold-down time 
after engine ignition and save a research 
and development vehicle before it had 
been committed to flight. It is of no 
use to an operational weapon. 

E-series also was the first Atlas to 
cam' the square autopilot instead of 
the round units flown until then. So- 
called because of the external config- 
uration of their enclosing canisters, the 
square unit was miniaturized and mostly 
solid-state; the round autopilot included 
a number of vacuum tubes. 

The E-serics missile encountered 
some engineering problems, mostly in 
the sustainer engine’s hydraulic flight 
control system. First two Atlas Es 
flown from the Cape suddenly lost 
hydraulic pressure at BECO and. con- 
sequently, the ability to gimbal the 
sustainer engine. They were rated as 
partial successes. 

Trouble was believed to have cen- 
tered around the rise-off valve, a poppet 


USAF Training at Cape Described 

Cape Canaveral, Fla.-All-USAF crews launched the last five Atlas research an< 

gram. Crews were from 6555th Aerospace Test Wing, a unit of Air Force System! 
Command's Ballistic Systems Div. stationed here at the Air Force Missile Tcs 
Center. Purpose of the launchings was not so much to train crews in use of thi 

capability for USAF here at this national range. P 

Air Force Chief of Staff Curtis LeMay, * " 

directed Air Research and Development 


ment agency on the Atlantii 
own vehicles. The directive 
as well as Atlas. 

USAF began placing per 
mid-1960 on the four Atlas 
(lands 12 and 14 were convc 
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apability on the Atlantic Missile 

Aeronautics and" ! p \ 1 I 
:om the Cape, could become the dominant | 
sile Range if USAF lacked the capability to 
cs to the Titan-2. Titan-3 and Minuteman | 


became available. This process v 
Atlas 11-F was the last missilr 
on stand 11 Apr. 9, 1962. Mem 
of the 6555th participated in tl 
learned a lot moi 
: other 


ms. this I 
Atlases and _thc latter for E-series, 
elements of GD/A*s Cape Canaveral op 

aplcted by mid-1962. 
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out 13 officers and 107 men, including a blockhouse crew 
of about 25 personnel, is under the over all direction of Maj. Jack F. Pierce. Team 
made five consecutive successful launches of tile F-scrics missile: 7-F. Aug. 13. 1962; 
8-F, Sept. 19. 1962; 14-F. Oct. 19, 1962; 16-F, Nov. 7, 1962 and 21-F. Dec. 5. 
1962. Test conductor for these Lunches was USAF Capt. Robert L. Borland. 

6555th officers illustrate the competence developed by the Atlas Launch Opera- 
tions Team by citing T /Sgt. Cary B. Failc's work in replacing an entire re-entry vehi- 
cle on Atlas 21-F in 102 min. Because of photographic requirements, 21-F had* to be 
Lunched no later than 4:30 p.m„ EST, on Dec. 5. Early in the countdown, a no-go 
condition developed in the Avco Corp. re-entry vehicle-. When it was determined 
that the condition could not be repaired on the stand but would necessitate de- 
mating. Sgt. Fade and his crew volunteered to replace the re-entry vehicle with a 
spare nose cone. The job was completed in time for a 4:25 p.m. launch. 
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Polaris: the first six years 


It was January, 1957, that the U.S. Navy first announced its plans for a completely 
new kind of ballistic missile — and chose Lockheed Missiles & Space Company to 
build it. The six years since then have witnessed the swift evolution of Polaris from 
idea to mainstay of the nation’s deterrent force. 

Of equal significance is the revolutionary new method for speeding weapon 
systems to operational status that was born of the close-knit partnership between 
the Navy’s Special Projects Office, Lockheed, and the entire contractor team. One 
requirement the new method took in stride was that the Polaris missile itself be 


increased in both size and range as the program developed. When the first sub- 
marine armed with the 1200-mile A-l Polaris went on patrol in November, 1960, 
the 1500-mile A-2 was already in advanced flight test. The A-2 has now been in 
production more than a year. The 2500-mile A-3 will join the fleet in mid-1964. 

Polaris is a versatile missile. Compact, easy to transport, and extremely relia- 
ble, it can be launched from surface ships — or, by remote control, could be 
launched from the floor of the sea. Today the Navy-Lockheed team is prepared to 
meet whatever new challenges lie ahead for Polaris. LOCKIlOGCl 

Lockheed Missiles & Space Company. Sunnyvale, California • A Group Division of Lockheed Aircraft Corporation 





valve in the airborne hydraulic flight 
control system. Prior to launch, a 
mechanical finger in the launch stand 
keeps this valve open so that the missile 
may draw hydraulic fluid from the 
ground storage tank. At the moment of 
launch, this poppet leaves the finger 
and closes, sealing the hydraulic system 
for flight. 

Believing that the new uprated MA-3 
powerplant was creating a different— and 
possibly more severe— temperature, 
shock and acoustic environment in the 
engine compartment, GD 'A engineers 
suspected that the previously trouble- 
free valve was sticking open and that 
hydraulic fluid was leaking out during 
booster operation. By the time BECO 
occurred, there simply was no more 
hydraulic fluid remaining to drive the 
sustaincr around its gimbal block. 

Atlas 12-E was instrumented with a 
dummy rise-off valve and telemetry data 
later indicated that, as suspected, it 
was sticking open. Problem was solved 
by placing a unidirectional-flow valve 
upstream of the poppet and wrapping 
additional insulation around hydraulic 

E-series also proved that the missile 
industry is not immune to Murphy's 
Law. to which the aircraft industry has 
long been subject. Murphy's Law states 
that if a part can be installed backward, 
sooner or later someone will install it 
that way. Atlas 16-E, launched Mar. 
2d, 1961. had no part as such installed 
backward but a technician did reverse 
the wiring for vernier engine ignition 
and vernier tank pressurization. 

Verniers, used for final velocity 
adjustments after sustaincr burn-out 
and before nose cone separation, nor- 
mally arc ignited at lift-off along with 
the three main engines. During booster 
operation, these two 1,000-lb. thrus- 
ters arc fed with oxidizer and RP-1 fuel 
from the main propellant tanks. Prior 
to BECO, two small spherical tanks 
at the base of the Atlas airframe are 
filled with liquid oxygen and fuel. 
This assures the verniers of propellants 
to draw on. should the three main 
engines totally deplete the vehicle of 
liquid oxygen and RP-1 during their 
burning. At BECO. the same high- 
pressure gas which initiates the booster 
jettison process also pressurizes these 
small vernier tanks. 

Because the circuitry was reversed, 
however, the pressurization system was 
activated at lift-off and the gas flowed 
through the empty vernier tanks and 
then overboard through the un-lit thrust- 
ers. Verniers came on with a bang at 
BECO. but there was insufficient gas 
pressure to jettison the boosters. Be- 
cause of Murphy's Law. Atlas 16-E was 
listed as a partial success. 

Results of Atlas E-scrics: tests were: 
• Ten successes— 9-E, Eeb. 24. 1961: 
12-E, May 12, 1961; 18-E, May 26, 


1961: 22-E. July 6, 1961; 21-E. July 3J. 
1961: 25-E. Oct. 2, 1961; 30-E, Oct. 5. 
1961: 33-E, Dec. 1. 1961; 36-E, Dec. 
19. 1961: 40-E, Feb. 13, 1962. 

• Six partial successes— 3-E, Oct. 1 1 . 
1960: 4-E. Nov. 29, 1960; 8-E. fan. 24, 
1961: 1 3-E. Mar. 13. 1961: 16-E. Mar. 
24. 1961: 26-E, Sept. 8. 1961. 

• Two failures- 17-E. June 22. 1961: 
32-E. Nov. 10. 1961. 

Atlas F-scries is almost an identical 
twin to the E-series, but differs in the 
method of emplacement: it is meant to 
be stored in a concrete silo and raised 
to the surface by elevator for launching. 
Because it is stored with a full load of 
RP-1 at all times, it is fitted with pre- 
valves in the fuel lines leading to the 
engines to preclude leakage. This essen- 
tially is the only difference between the 
E and F-series. 

The 10 Atlas Fs flown from Cape 
Canaveral and the three Atlas Fs flown 
from Vandcnbcrg AFB, Calif., were, 
aside from concern about the possibility 
of a booster engine bumping the sus- 
tainer during jettison (sec above), gen- 
crallv smooth and trouble-free. 

Results of the Atlas F-serics: 

• Seven successes— 2-F. Aug. 8. 1961; 

4- F. Nov. 22, 1961: 7-F, Aug. 13. 1962: 

5- F. Sept. 19. 1962; 14-F. Oct. 19. 
1962: 16-F, Nov. 7. 1962; 21-F, Dec. 
5, 1962. 

• Two partial successes— 5-F, Dec. 8, 
1961; 6-F. Dec. 20. 1961. 

• One failure— 1 1 -F. Apr. 9. 1962. 
From Vandenbcrg. the F-scrics mis- 
sile was launched three times from an 
operational-type silo test facility (Cape 


Canaveral has only gantries), with two 
successes ( 1 3-F, Aug. 1, 1962 and 1'3-F, 
Nov. 14. 1962) and one failure (57-F, 
Aug. 10. 1962). 

Experience gained by the General 
Dynamics/ Astronautics crews at Cape 
Canaveral during five years of flight 
testing was evident in the decreasing 
amounts of hold-time for each scries. 
Holds can be ordered for any number 
of reasons— weather which obscures cam- 
era coverage, ships off the Cape— but 
generally are associated with difficulties 
which prevent the countdown from pro- 
ceeding according to plan. 

Each Atlas A missile averaged 3 hr. 
of holding time before launch. Each 
B-series missile ran a little more than 
2 hr. of hold-time. On C-series .the 
figure dropped to 30 min. Average hold- 
time for D-series was 90 min. with the 
E-scrics about the same. F-series ran 
1 hr. of holding for each missile. 

Increased hold-times for D and 
E-scrics reflect the greater number of 
first-order test objectives programed for 
these series. For example, if telemetry 
were suddenly lost on the re-cntrv vehi- 
cle of a D. E or F-scries Atlas, the count- 
down would have been stopped and the 
problem investigated. The missile would 
not be launched until that link was re- 
established. If. however, the telemetry 
channel on the propellant utilization 
system was suddenly lost just a few sec- 
onds before ignition. C.D/A might have 
continued with the countdown as per- 
formance of this system might be a 
second-order test objective on that par- 
ticular flight. 



Arfist's Concept of Bell Lunar Research Vehicle 

Artist’s concept shows manned research vehicle to be built by Bell Acrosystcms for National 
Aeronautics and Space Administration. Vehicle will be used to develop requirements for 
crew training devices for NASA-Grumman Lunar Excursion Module (LEM) portion of the 
Apollo program. Two vehicles arc being built under S3.6 million contract, and will permit 
studies of piTitiug and operational problems involved in the final phase of a lunar landing, 
and initial phases of lunar takeoff. Vehicles will carry one man and 200 lb. of research 
gear, or two men. with provisions for crew ejection seats in either configuration, let engine 
will be utilized for takeoff and to compensate for the earth’s gravitational force. 
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Gemini to Be Used as Space Medical Lab 


By Erwin J. Bulban 

San Antonio, Tex.— Two-man Gemini 
spacecraft will provide a space labora- 
tory facility of significant value for aero- 
space medical research compared with 
the short-duration, one-man Mercury 
system. Dr. Stanley White told scien- 
tists attending the USAF acromcdical 
lecture series here at Brooks AFB. At 
the same time, he said, Gemini will pro- 
vide the physiological data necessary 
for design of Apollo equipment. 

Report was prepared by Dr. White in 
collaboration with Dr. George B. Smith, 
Jr. Both men are with the National 
Aeronautics and Space Administration’s 
Manned Spacecraft Center in Houston. 

Gemini will have a 100% oxygen en- 
vironment, pressurized at 3 psi., the re- 
port stated. Extensile tests have clari- 
fied the effects this type of atmosphere 
will have on astronauts during a long 
flight- Questions had been raised as to 
whether the atmosphere would increase 
calcium deposits in astronauts’ urine, 
affect their vision, decrease their accel- 
eration tolerance, cause middle ear pain 
or produce oxygen toxicity. 

Tests of up’ to 14-days duration have 
shown no physiological reasons to pre- 
vent use of the 100% oxygen atmos- 
pheric environment. Some subjects 
showed a variety of effects, but these 
proved to be individual subject toler- 
ances rather than basic problems. 

One test subject reported a deteriora- 
tion in lateral vision after a test, but 
said he maintained good forward vision. 
The effect lasted about 24 hr. 

There was a decrease in blood hemo- 
globin of about one gram in four or five 
subjects. One subject had a drop of 3 
grams— from a nonnal of 14 grams to 9 
grains— but he later was found to have a 
latent inherited anemia. 

Full results of the NASA study will 
be presented in May at the annual meet- 
ing of the Aerospace Medical Assn. 

Requirement calling for a system 
which would pennit an astronaut to 
move outside the spacecraft during the 
two-day rendezvous mission has had a 
major impact on the suit and environ- 
mental system designs. 

Methods for checking fittings to as- 
sure positive connections and sealing of 
the suit after dressing in flight must be 
incorporated to prevent injury to the 
astronaut. Gemini suit has disconnects 
at helmet, anns and lower legs which 
will have to be sealed. A pressure-check 
system is being designed for use prior to 
cabin depressurization and exit of the 
astronaut. 


Use of a personal life support system 
(PLSS) to provide oxygen while the 
astronaut is outside the orbiting space- 
craft is being considered. 

Back-up system in the form of an 
umbilical cord, or hose, connected to 
the spacecraft also is being studied. If 
the umbilical cord is chosen for 
Gemini, the suit must have circuit dy- 
namics that can compensate for chang- 
ing pressure drop caused by varying 
lengths of hose. Hoses probably would 
be stored under the seats. 

Study of exact metabolic needs of the 
astronaut will be a significant part of the 
Gemini flights. This will include ob- 
taining quantitative data on effects of 
oxygen consumption on body waste and 
perspiration. Diet of 2,550 calorics per 
man is planned for Gemini. Water for 
metabolic use is planned at the rate of 
6.5 lb. per man per day. 

Studies will include: 

• Determination and understanding of 
what is "nonnal” physiological data. 

• Means of juggling or varying meta- 
bolic handling of the astronauts during 
the course of long flights. Metabolism 
can be controlled by varying different 
environmental factors, including diet 
and atmosphere content. 

• Interplay of cardiovascular and respira- 
tory systems. 

• Definition of rest and work cycles. 

These studies will attempt to deter- 
mine the exact metabolic needs of crews 
on Apollo flights. 

Dr. White also indicated that the 
Russians have not done much study on 
these aspects and have been extremely 
interested in U.S. tests on metabolism 


Cosmonauts’ Calcium 

San Antonio, Tex.— Russian space sci- 
entists noted a surprising inercasc of cal- 
cium in the urine of their cosmonauts in 
the third or fourth day of the Nikolavcv- 
Popovich dual spacecraft mission. Dr. 
Stanley C. White, of the National Aero- 
nautics and Space Administration’s 
Manned Spacecraft Center in Houston 
stated here. 

Condition may be caused by lack of 
exercise in a zero-g environment, where, 
due to lack of interaction of bones, there 
is immobilizah’on of normal calcium re* 
placement of bone structure. In ex- 
treme cases there may be demineraliza- 
tion of the bones. There is a possibility 
that the Russians experienced the condi- 
tion because of the lack of suit mobility 
due to their use of the relatively high 
suit pressure of 7.5 psi. to avoid "bends.” 


in space and the use of 100% oxygen 
environment. 

Body cleanliness and personal hygiene 
equipment is under study, although 
final selection of equipment has not vet 
been made. Methods of cleansing the 
body of perspiration and body waste 
residues and suppressing bacterial 
counts by chemical cleansing agents arc 
being evaluated. 

Problems here are to obtain materials 
that will not present toxicity problems 
in the high oxygen content atmosphere 
and will not cause skin irritations. 

Electric razors for shaving must 
eliminate possibility of combustion or 
explosion through sparking in this 
atmosphere and also must provide effi- 
cient stubble collection to prevent small 
hairs from contaminating equipment or 
from floating abont in a weightless en- 
vironment and creating a nuisance. 

Ability of crew members to partially 
undress will permit the use of more 
standard clinical approaches in gather- 
ing body-system data. One crewman can 
serve to obtain physiological data on 
the other. Periodic samplings of body 
fluid can be gathered in this manner, 
thus eliminating the need to rely on 
more complex electronic systems. 

Other lectures given during the meet- 
ing detailed a variety of other work 
being undertaken. 

Space "broom" that could artificially 
sweep away trapped radiation zones was 
hypothesized by Alan Rosen of Space 
Technology Laboratories Space Physics 
Dept. Rosen theorizes that if it were 
possible to loft a broom with an area of 
approximately 1 million square meters 
co-planar with the equatorial plane of 
the earth and move it radially from an 
altitude of 100 km. to 5,100 kin., it 
could absorb or deflect all protons 
greater than 20 mev. in approximately 
35 days. Broom might be an aluminum 
plate-type surface or a large balloon. 

The power to move such a surface 
through a constantly changing, spiral 
orbit is far beyond current capabilities, 
Rosen acknowledged. A smaller similar 
mechanism, on the order of 100 square 
meters, would take 1,000 years to do 
the job, he said. 

Rosen also noted that the lifetime 
of the artificially injected electrons 
created bv a one-megaton explosion last 
July 9 over Johnston Island in the 
Pacific may be years. These electrons, 
which have a greater maximum in- 
tensity than those found in the ambient 
environment, form a greater hazard to 
low-orbiting manned space missions 
than did the original radiation environ- 
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ment found in the vicinity of the inner 
Van Allen radiation belt. Rosen stated 
that the next large-scale experiments 
similar to the artificial injection experi- 
ments may have as their objective the 
scattering of particles from the trapped 
radiation zones and possibly sweeping 
out these particles completely. 

Initial Mariner data indicates a sig- 
nificant lack of meteoroids both in inter- 
planetary space and near Venus, R. J. 
Parks of jet Propulsion Laboratory 
noted. Mariner’s micromctcoroid detec- 
tor counted only a few hits, indicating 
a density of one part in 10.000 in the 
vicinity of Venus. 

Radiation exposure also was low, ap- 
proximately three Roentgens during the 
109-day flight. One-quarter of a Roent- 
gen of this total was front a minor 
(Class 2) solar flare. 

There was no appreciable change in 
radiation count during the Venus flyby 
and indications are that there is no 
equivalent to the earth's Van Allen 
radiation belt near Venus. 
Gravitational Pull 

Gravitational pull of Venus on Mari- 
ner caused an inward flight path deflec- 
tion proportionally of the same order 
as would be experienced on a similar- 
distance flyby of earth. Parks reported. 

Radiation of 600-700F heat from 
Venus’ light side caused temperature 
rises on some equipment that was 
higher than it had been possible to 
simulate in the laboratory prior to the 
actual flight. The spacecraft's batteries 
had a temperature rise to 1>0F during 
flvbv— close to their upper limit. 

Parks considers that one of the sig- 
nificant aspects of the flight is the large 
amount of environmental data that is 
being obtained. This data will aid 
spacecraft designers in calibrating envi- 
ronmental laboratory testing gear to 
check out spacecraft for future flights. 

Mariner has provided approximately 
100 million bits of data in its Venus 
mission, and indications arc that the 
time required to translate this informa- 
tion and cross-check its meaning will 
delav release of information, planned 
for next month, to a later time. 

Crew confinement testing utilizing a 
crew-station simulator containing five 
crew positions, a small leisure area and 
sleeping quarters-a total volume of 
1.100 cu. ft.— indicated that the most 
favorable work-rest cycle for long-dura- 
tion space flights was four hours on 
and four off. 

Subjects who underwent thirty-day 
missions simulated in the facility, oper- 
ated for the USAF by Lockhecd- 
Georgia. indicated they could have car- 
ried on indefinitely with this cycle. 
Similar testing also indicated that a 
four-hour work period, followed by two 
hours rest, would be acceptable for 
space missions up to 15 days duration. 


Walter Grether, Aerospace Medical 
Research Laboratories, Wright-Pattcr- 
son AFB. noted that the Behavioral 
Sciences Laboratory of AMRL now has 
a centralized space training facility 
stud'- under way, which is examining 
the most promising USAF military 
space systems to review in detail the 
functions and tasks USAF personnel 
most likely will perform. Study will at- 
tempt to determine the facilities needed 
to train crew members. 

Tests by AMRL in crew movement 
in a spacecraft in a zero gravity envi- 
ronment. utilizing Convair C-131 and 
Boeing C-135 aircraft flying parabolic 
trajectories indicate that the best means 
of locomotion in this environment is 
to free float from place to place, using 
the feet and hands for propulsion and 
hand holds to provide guidance. 

Study of various types of special foot- 
gear, including magnetic shoes, suction 
cup footgear and shoes and surfaces 
coated with a hook-and-eye material, 
show that simple adhesion is not an 
adequate gravity substitute for walking. 

Grether appeared to concur with 
other specialists studying physiological 
problems of man in space that the need 
for artificial gravity devices, such as 
rotation of the spacecraft to overcome 
weightless effects, probably will dimin- 
ish rapidly as actual experience is 
gained in this environment. Engineer- 
ing problems involved in producing 
such devices probably will outweigh the 
requirements for lightweight, reliable 
systems, he indicated. 
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DALMO VICTOR BACKSTOPS NATO’S F-104 

How do you keep a complex weapons -system 
in fighting trim? How do you checkout the 
myriad of circuits in the avionic systems 
and sub-systems in a multi-mission, all- f PS;, 
weather aircraft as NATO's Lockheed 
F-104? D V does its part with automated 
equipment such as this NASARR Pat- 
tern and Boresight Set— one of several 
checkout units designed and manufac- 
tured by DV for Autonetics, a division 
of North American Aviation, Inc., F-104 
NASARR systems contractor. □ The design 
philosophy used in Dalmo Victor's ground sup- 
port equipment stresses simplicity, operational 


WITH GROOND SUPPORT EQUIPMENT 

reliability and ruggedness with console type 
construction. From operating instructions to 
readout, everything is designed for 
operational use. □ This ground sup- 
port equipment is another example 
of Dalmo Victor's integrated sys- 
tems capability. DV is in the v, 
guard of new developments ip its 
major product areas. If you are in- 
terested in becoming part of these 
challenging programs, Dalmo Victor 
currently is inviting applications from qualified 
scientists and engineers. For information contact: 
Director, Scientific and Engineering Personnel 





THE BENDIX CORPORATION 

BENDIX RADIO DIVISION 

BALTIMORE A, MARYLAND 



Our solid state DMA-29 

is the last word in DME systems. 

One other thing. 


In fact, it is the lowest priced system in its class. And by far 
the best. 

Why? 

Well, for one thing, the interrogator features new, dras- 
tically simplified circuit designs. For another thing, it is 
completely transistorized except for the transmitter section 
and the phantastron tube used in the distance circuits. 
The result is increased reliability, to say nothing of the 
greatly reduced price we told you about. 

With the DMA-29, accuracy is a foregone conclusion, 
thanks to a self-calibrating circuit that continuously and 
automatically checks the distance measuring circuits. 

The system is available in two packages: the DM A-29AL, 
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It costs 27% less 
than the next best system. 


an ARINC 521 type DME system in a long M, ATR case; 
and the DMA-29A for aircraft where ARINC standardiza- 
tion is not required, packaged in a short Jjj ATR case. 
Both feature solid state switching. The DMA-29AL is also 
available for bridge type frequency control. Both cover all 
VOR/DME channels with provision for future channel 
splitting. Both precisely indicate distance from 0 to 192 

Want more information? Write us at Bendix Radio 
Division, Avionics Products, Baltimore 4, Maryland. Export 
Sales and Service: Bendix International, 205 E. 42nd Street, 
New York 17, N.Y. Canada: Computing Devices of Canada, 
Ltd., P. 0. Box 508, Ottawa 4, Ontario. 
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‘Blue Gemini’ Missions Outlined by USAF 


San Antonio-First-gencratinn (Mark 
1 ) two- to four-man orbital development 
station for space research is under studv 
by USAF as part of its -Blue Gemini” 
planning (AW Dec. 10. p. 27). 

Air Force apparently is confident 
that the Gemini and space station pro- 
grams can be merged into a single 
broad development and training Blue 
Gemini project. USAF recently signed 
an agreement with National Aeronau- 
tics and Space Administration (AW 
Jan. 28. p. 26) in which Air Force was 
made an active participant in the Ge- 
mini program. Blue Gemini at this 
time remains in the conceptual phase, 
and has not been approved for develop- 
ment or hardware. Air Force, however, 
is hopeful that its Gemini participation 
will lay the groundwork for a Blue Ge- 
mini program. 

Both spacecraft-Gemini and the 
manned orbital development system 
(MODS)— might be lofted into orbit 
simultaneously by a Martin Titan 3 
launch vehicle in late 1965 or early 
1966. 

Initial objectives of the Gemini- 
MODS program would be to provide a 
space station for carrying out biomed- 
ical research (see p. 79) For periods be- 
yond the normal two-week orbital mis- 
sion capability of Gemini. To meet 
this goal, provision would be made for 
rendezvous with follow-up Gemini 
spacecraft and personnel transfer. Such 
transfers probably would be conducted 
through egress panels in the Gemini 
heat shield. 

Mark 1 Gravity 
Although the Mark 1 MODS might 
initially be operated in the weightless 
state, there may also be provisions for 
subsequent intermittent or continuous 
artificial gravity. 

Maneuver capability to permit "Blue 
Gemini" spacecraft to inspect uncoop- 
erative satellites (AW Jan. 28. p. 26) 
might be obtained by adding a tran- 
stage to the rear of the Gemini. Gen. 
O. J. Ritland, deputy commander of 
USAF Svstems Command, indicated 
this possibility recently while attending 
the annual aerospace medicine lectures 
sponsored by the School of Aerospace 
Medicine at Brooks AFB here. 

Fuel requirement to provide maneu- 
vering capability in earth-orbit is on the 
order of half the satellite mass to rotate 
the orbital plane 17.8 deg. at a 200- 
naut^ mi. circular orbit, Gen. Ritland 

To phrase the problem in more fa- 
miliar terms, he pointed out that a 
modem jet fighter moving at 700 mph. 
can execute several hundred turns of 
about 15 deg. using fuel equal to half 
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its weight. But a spacecraft traveling at 
18,000 mph., he noted, could execute 
only one such turn using present chem- 
ical propellants-or three such turns 
with high-energy nuclear propellants. 
Similarly, a chemically fueled spacecraft 
would consume half Its mass in fuel in 
transferring from a circular orbit of 200- 
naut. mi. altitude to a circular orbit of 
4,400 naut. mi., utilizing the Hohmann 
transfer maneuver, in which a velocity 
increment is added to the satellite veloc- 
ity in the direction of motion, followed 
by coast in an elliptical orbit to apogee, 
at which time another velocity incre- 
ment is added to the satellite velocity 
to project the spacecraft into a circular 
orbit at the higher altitude. 

USAF “Blue Gemini" plan envisions 
a half-dozen of the spacecraft to begin 
missions in 1966 on objectives including 
biomedical research, operational train- 
ing and rendezvous training. Further 
extension of “Blue Gemini" requiring 
additional spacecraft could be made at 
almost any time in this program be- 
cause of lead-times of only 14-15 
months in procuring additional units. 

Other highlights of the aeromcdical 
lecture series here: 

• About 1,800 potential anti-radiation 
drugs are being evaluated by laboratories 
of the Atomic Energy Commission and 
Defense Dept., and the work offers 
"great promise,” according to Maj. Gen. 
R. L. Bohannon. USAF depute surgeon 
general. Me noted that radiation dam- 
age depends upon the doses and type 
of radiation, the time interval over 
which the exposure occurs, part of the 
body affected, age and health. 

Gen. Bohannon said that studies 
show a cell is more vulnerable to radia- 
tion damage if it has an above-nonnal 
concentration of oxygen. Thus, the cell 
is protected by hypoxia. Stimulating the 
production of white cells protects the 
cells, and slowing metabolism also pro- 
tects against radiation damage to some 
degree. He added that the Soviets have 
reported that their cosmonauts have 
been protected from the harmful effects 
of radiation with a special "chemical 
preparation," which has not been iden- 
tified. 

• Main problem facing the U. S. in 
gathering space biomedical data is in 
miniaturization of equipment and im- 
proving methods of obtaining telemetry' 
data. Equipment now used consists 
largely of adaptations of clinical-type 
gear and is still too bulky. A program 
is under way to eliminate the present 
blood pressure cuff, which, aside from 
its bulkiness, presents the problem of 
distraction during operation. A possible 
substitute under consideration is pulse- 
wave velocity equipment which would 
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measure the speed of the blood pressure 
wave from the heart to a predetennined 
point on the astronaut’s arm. where an 
electrical pickup would be located. 

Gen. Bohannon noted that the Rus- 
sians are working on the idea of using 
the electrical potentials of the brain 
(electroencephalogram) as a signal to 
warn of the approach of a critical state 
of acceleration effects and possibly actu- 
ate a protective device. U. S. concepts 
in the instrumentation field generally 
call for monitoring and controlling the 
environment and transmitting data on 
the pilot's physical condition. It prob- 
ably will be some time before ap- 
proaches will be made to monitor and 
control the astronaut's physiological 
condition by installing pickups that will 
automatically trigger devices or drugs to 
overcome the problem. 

• Physical standards for missile site duty 
have been reviewed and tightened. 
Earlier selection standards apparently 
did not adequately detect some defects. 
An example of this was a launch control 
officer who had a color identification de- 
ficiency of such a nature that he had 
been able to distinguish colors in a 
B-52 simulator, but was unable to iden- 
tify colors on a missile launch console. 
He was reassigned. 

Job Dissatisfaction 

Some personnel have complained of 
pains after assignment, but the symp- 
toms were later shown to be attributable 
to job dissatisfaction. Such cases have 
been noted particularly among former 
flight crews, who had been assigned 
missile duties on a non-voluntary basis. 
"Silo anxiety" problems may increase 
with the addition of large numbers of 
Minuteman solid-fueled ICBMs to the 
USAF inventory. Only two launch 
control officers arc required per weapon, 
and their quarters are smaller than those 
of control officers for earlier liquid- 
fueled systems. 

Grants for Colleges 
Increased by NASA 

Washington— Greatly expanded pre- 
doctoral training program has been an- 
nounced by the National Aeronautics 
and Space Administration for the 1963- 
64 academic year, with 800 grants 
scheduled in 88 colleges. 

Program began last year with 100 
grants to students of 10 colleges. 

Candidates will be selected by 
schools and will receive 52,400 annual 
stipends with 51.000 allowances for de- 
pendents. 

Universities will be paid the costs of 
administering the program. 

83 



AVION ICS 



Study Forecasts Microcircuitry Growth 


Bv Barry Miller 

Avionics manufacturers who supply 
equipment and systems for military anti 
aerospace applications will be the largest 
single user of microcircuits during the 
next decade, according to a one-year 
research program recently conducted by 
the engineering consulting firm of 
Arthur D. Little. Inc. 

Microcircuitry will penetrate industry 
in an evolutionary manner, with its 
greater use occurring in the latter half 
of the decade ending in 1972. The im- 
pact of these devices on the entire elec- 
tronics industry will be less significant 
than that created by the widespread in- 
troduction into electronics equipment 
of semiconductor devices in the 1955- 
60 period. These are conclusions of a 
Little report on the research program 


entitled "Integrated Circuitry— An Ap- 
praisal for Management Planning.” 

The S5 50.000 program was under- 
taken by Little with financial backing 
of seven aerospace avionics companies, 
believed to include Douglas Aircraft, 
Autonetics Division of North American 
Aviation. Texas Instruments. Raytheon 
and l’hilco. 

Its objectives were to forecast the 
economic and business implications of 
integrated circuitry over the next three 
to fi\e years and to outline anticipated 
changes in character and structure of 
companies m the affected quarters of 
the electronics industry. In addition, it 
made a 10-year forecast of the nature 
and timetable of broad changes caused 
within the industry by the use of in- 
tegrated circuits. 

In a more general sense, the report 


is intended to guide management in its 
research. development. marketing, 
manufacturing and investment plans. 

Little's study is a more ambitious ef- 
fort than a somewhat similar one con- 
ducted by Stanford Research Institute 
and financed by eight avionics com- 
panies (AW Dec. 10. p. 951, The Little 
report's findings are detailed in a three- 
volume report containing a mass of 
technological, economic and manage- 
ment data relating to microcircuits. 

To avoid the confusion in tcrniin- 
olngv common in this field. Little de- 
fines an integrated circuit as an elec- 
tronic circuit or subcircuit in which 
the component functional parts arc 
produced integrally with, and arc in- 
separable from, the whole. A semi- 
ductor integrated circuit is one made 
on a semiconductor substrate by dif- 
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TARGET TOM AT PUL 



Challenging new guidance and navigational problems posed by the 
demands of tomorrow's weapons systems and spacecraft are under active 
research at PDE. A history of feed network systems and subsystem instal- 
lations for advanced pre-programmed and command guidance systems 
plus existing off-the-shelf components are providing the nuclei for suc- 
cessful solutions. 

PDE is an established source for five basic air dielectric, semi-flexible 
coaxial cables available in bulk, custom-cut lengths or shaped to specified 
requirements. A full range of connectors, cable delay lines and specially 
configurated waveguides complete the hardware picture. Proven capability 
extends the promise of quick answers in guidance design areas without 
costly time consuming delays. 

Should you be involved with the responsibility of guiding a bird to 
target, look to the problem solving abilities of Phelps Dodge Electronics. 

When system communications is the key to your project . . . see PDE. 
PHELPS DODGE ELECTRONIC PRODUCTS 
Regional Sales Officcsqn^Nete York, Washington, Dallas, Chicago, Los Angeles. 
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(CEC's 5-1 19V Oscillograph gives you perfect records 5 ways) 


That "V" in the model number could just 
os well stand for "versatility". Because this 

oscillograph you can buy. Use it in lab, 
morine, mobile environments; in missile and 
blockhouse applications. 

Anything you wont recorded can be 
recorded in at least one of five ways. And 
the 5-1 19V gives you all 5 — three direct 
print: "DATAFLASH"®, Slot-Exit Magazine, 
and closed magozine records. Rapid con- 


version allows the use of standard photo- 
graphic paper and conventional developing 
or CEC's exclusive "DATARITE" fiosh 
developing process. The 5-1 19V records 
from 0.16 to 160 inches per second with 
up to 50 separate channels with trace 
numbering. It's been put to thousands of 
uses — ond never found wanting. In fact, 
it's the industry standard. For complete data, 
call your nearby CEC office, or write for 
Bulletin CEC 51 19-X14. 



CONSOLIDATED ELECTRODYNAMICS 


Record Magazines 
for CEC’s 5-1 19V 



mogozines CEC's versotile 5-119 
Oscillograph can accept: DATA- 
RITE Rapid Access Automatic 

three minutes lor 3 seconds with ^ 
the DATAFIASH coverl. 5-051 
Direct-Writing, Slot-Exit Maga- 

necessary. 5-006 Standard Record 
Magozine for conventional-type 
oscillograms (records processed 
after the record run). Further | 
data? Call CEC, or write for 
Bulletin CEC 5I19-X14. 


fusion, epitaxy or other processes com- 
mon in transistor or diode fabrication. 
A thin-film integrated circuit is one 
made of thin films, including thin-film 
active devices. A hybrid circuit is one 
consisting of a partially integrated cir- 
cuit in combination with discrete com- 
ponents. a thin-film hybrid being a 
thin-film integrated circuit that uses dis- 
crete semiconductor active elements in 
place of the thin-film active devices 
not yet generally available. 

Use of semiconductor integrated cir- 
cuits will materialize in quantity during 
1967-72. 

Present use is, for the most part, con- 
fined to devices for test, evaluation, 
prototype production and research and 
development. 

By 1972, the Little report estimates, 
the market for semiconductor inte- 
grated circuits will approach S600 mil- 
lion but will account for only 1296 
of a predicted total circuit market of 
S4.S billion, as shown in the projections 
of total use of integrated and thin-film 
hybrid circuits as a function of time 
(see Fig. 1, p. 84). 

Growth Pattern 

This projection foresees thin-film hy- 
brid use growing over the decade but its 
position relative to semiconductor in- 
tegrated circuits diminishing appreciably 
in the 1967-72 period. The difference 
between the two at the end of the de- 
cade is greater than it may appear at 
first glance since the ordinate (cost 
to equipment manufacturer scale) is log- 

A measure of comparison of estimated 
markets predicted in the Stanford and 
Little reports can be inferred from Fig. 


1 . The market for semiconductor inte- 
grated circuits forecast for the year 1970 
by Stanford was S778 million, while 
Little's projections place the figure at 
S310 million. Both organizations cau- 
tion, however, that their estimates arc 
based on judgments and as such should 
be subject to re-evaluation and possible 

But both of the studies apparently 
concur in general character, and in ex- 
pectation that the period of major use 
will occur after 1967 and the likelihood 
that semiconductor integrated circuits 
will be the dominant type. 

Military, Aerospace Use 

Military and aerospace use of semi- 
conductor integrated circuits will rise 
from SI 5 million in 1962 to $47 million 
in 1967 and S3 50 million in 1972, ac- 
cording to the Little report, with large 
production use beginning in 1966-67- 

This rise is shown graphically in Fig. 
2 (see p. S4). The semiconductor inte- 
grated circuit market penetration, iden- 
tified as the portion of total circuits 
converted to this type, will be about 
1 7 % of the approximately S2.06-bil- 
hon military equipment circuit market 
in 1972, calculations based on the 
graph show. 

Thin-film hybrid circuits should ac- 
count for S24 million in 1967 and S54 
million in 1972, with an ultimate 
penetration of only 3% into military 
business, the Little report estimates. 

Commercial computer manufacturers 
will be the next largest user of integrated 
circuits during the next decade, ac- 
counting for S44 million in 1967 and 
S13S million by 1972. The 1967 inte- 
grated circuit volume will be divided 
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FUTURE Continuing research and development 
of infrared reconnaissance techniques and equip- 
ments will produce the RECONOFAX® systems 
of tomorrow. 


[hI3b1 HRB-SINGER. INC. 



INFRARED RECONNAISSANCE EQUIPMENT 



equally between semiconductor and 
thin-film hybrids, according to the re- 
port. However, after a crossover in 
early 1968. the portion assumed by 
semiconductor integrated circuits will 
grow, reaching 70% in 1972. Penetra- 
tion for both types combined will be 
about 16% in 1967 but may rise to 
33% by 1972 (about 5137 million of 
integrated and hybrid circuits in a com- 
bined commercial computer systems cir- 
cuit market of 5415 million). 

Major Consumers 

During the next three to five vears, 
the major consumer of integrated and 
hybrid circuits will be applied research 
and development programs and test 
evaluations. Not until the evaluation of 
these programs is complete will their 
use become widespread. The chief moti- 
vation behind the use of semiconductor 
integrated circuits in military and aero- 
space applications, the report says, will 
involve factors of greatly improved re- 
liability and reduction in long-term sup- 
port, maintenance and logistic costs, 
with size and weight considerations 

secondary. 

Motives for using thin-film hybrid 
circuits also include reduced cost and 
improved reliability-, but their promise 
is seen to be less than that of semicon- 
ductor integrated circuits. In addition, 
thin-film hybrids out-perform semicon- 
ductor integrated circuits in specific ap- 
plications. While the advantages of 
potcntiallv greater rcliabihtv are an im- 
portant asset for the latter, the absence 
of conclusive reliability data in military 
systems and increasingly demanding 
Minuteman 1C13M reliability levels may 
slow integrated circuit introduction. 

Five- to seven-year period between 
initial concept and production and op- 
erational use. common to major systems, 
also will impede early widespread use of 
both hybrid and integrated circuits. And 
the cost of changing existing equip- 
ments may rule out use of the new cir- 
cuits as retrofits even if they should 
show proven reliability and low' cost. In 
recent months the Navy has begun par- 
tial introduction of integrated circuits 
on this basis, however. 

Estimated Military Use 

Estimated military use of semicon- 
ductor integrated circuits and hybrids 
for 1967 and 1972, according to Little, 
arc as follows. For aerospace equipment: 

• Aircraft— Semiconductor integrated cir- 
cuits will account fur 519 million in 
1967. 555 million in 1972; thin film- 
hybrids 54 million in both 1967 and 
1972. Totals for the two years arc 523 
million and S59 million, respectively. 

• Missiles— SI 1 million for semiconduc- 
tor integrated circuits and 52 million for 
hybrids in 1967: S36 million and 54 
million for the two categories in 1972. 

• Spacecraft- 59 million for scmicon- 


The cryogenic level sensor you just specified is obsolete... 

Here is a completely new conce pt in liquid level sensing. United Control's unique Thermal Point Sensor, 
now in production, offers greater reliability and simplicity, less instrument weight and power consump- 
tion, and lower cost to any vehicle utilizing a cryogenic propellant than ever before. The secret is a 
seldom-used thermal-electric principle, adapted for the first time to liquid instrumentation. This prin- 
ciple allows United Control to measure propellant level on board to an accuracy of 0.03 inch . . . assure 
propellant utilization accuracies of better than 0.1% . . . and trigger an engine cut-off signal in less 
than 10 milliseconds. □ United Control has the time-tested capability to produce complete systems 
for determining propellant utilization, precise propellant residuals, and for providing telemetry and 
slosh instrumentation. In propellant management, as in the many hundreds of control systems that 
bear the UCC trademark, reliability means success. For additional data on the revolutionary 2543-1 
Thermal Point Sensor , or any of the family of flight, propulsion, temperature and environmental con- 
trols, and accessory systems and components, call United Control: serving the aerospace industry — 

—where reliability counts 



The above photo-reproduction shows UCC' s unique Thermal Point Sensor, l’/ s times size, in actual 
testing. The upper trace indicates sensing element position relative to static liquid level (repre- 
sented by the horizontal center line) at a withdrawal rate of 2-3 fps. The lower trace shows detec- 
tion of liquid-gas interface. Horizontal time scale is 10 ms/ division. 



UNITED CONTROL CORPORATION Overlake Industrial Park, Redmond, Washington 

Oial: 206-885-3711 / TWX: 206-999-1874 

SUBSIDIARIES: United Data Control Corporation / Palomar Scientific Corporation 
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FRUEHAUF CAPABILITY 
ADDS TO AMERICAN 
SPACE AGE MOBILITY 

As a leading source for ihe designing, engineer- 
ing and manufacture of military sub-systems, 
Fruehauf has added to America's space age 
mobility. On both prime and subcontracts, Frue- 
hauf’s resources have generated new savings and 
efficiency on a multitude of ground support and 

An outstanding example of Fruehauf partici- 
pation in space age sub-systems, through the 
liaison of its commercial and military division, 
is a recent project currently completed for Paul 
Hardeman, Inc., of Stanton, California, the prime 
contractor for the U. S. Air Force TITAN II 
Propellant Transfer System. 

To achieve effective mobility, Fruehauf pro- 
vided the essential equipment for moving the fuel 
and oxidizer holding tanks, the propellant condi- 
tioning system, the control system, as well as the 
waste disposal equipment. The concept of mobil- 
ity fulfills the U. S. Air Force’s technical require- 
ments for maximum efficiency and illustrates its 
continuing program of cost reduction and savings 

For further information on Fruehauf's demon- 
strated capability in designing and producing 
military equipment, send for a free copy of 
“Fruehauf G.S.E.— Military and Missile”. 




"ENGINEERED TRANSPORTATION” 

— The Key to Transportation Savings 
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How do you launch into a geocentric planar trajectory from Cape Canaveral to a specified target vector? This 
family of curves demonstrates the interrelationships of the target vector declination, equatorial hour angle and 
launch azimuth. They can be used to estimate the launch requirements of lunar probes. For example, suppose a 
lunar vehicle launch is scheduled for July 17, 1968. At this time the declination of the moon will be + 10° (NASA 
Technical Note D-911). Assuming an hour angle of 80°, the launch azimuth can be found to be + 5°. The azimuth 
change for a ±1 hr. launch window (±15° in H) will be a = — 2° to+12° as can be determined by moving 
along the 8 = 10° line. 
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LUNAR LANDING This space- 
craft conceived by General Dy- 
namics ! Astronautics is shown 
backing down onto the lunar 
surface, controlled by powerful 
retro-rockets, after its journey 
from the earth. The discarded 
second-stage fuel lank is shown 
at right. Large tanks, clustered 
at base of the capsule and clam- 
shell re-entry glider vehicle, 
provide fuel for landing on the 

return to earth. The tanks also 
provide a measure of protection 
against space radiation for the 
crew. Rockets are arranged at 
slight angles to the craft to 
avoid problems in landing 
which might be caused by “dig- 
ging” holes in the surface of 



DYNAMICS ENGINEERING 

BS or MS in engineering, physics or math with two or more years 



ADVANCED ELECTRONIC SYSTEMS 

tracking systems and payload programs. Experience should include 

munications. telemetry, data processing systems, antenna systems, 
or electronic ground support systems. An advanced degree is 


MECHANICAL DESIGN 



ELECTRICAL ENGINEERING 




Graduate engineers will also find long-range opportunities in the 
following specialties: STRUCTURAL DESIGN. RELIABILITY. 
OPERATIONS AND SYSTEMS ANALYSIS. ELECTRONIC 
DESIGN AND DEVELOPMENT. WELDING ENGINEER- 
ING. WEIGHTS ENGINEERING. TECHNICAL WRITING 
AND COMPUTER PROGRAMMING. 
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ductor integrated circuits and SI. 5 mil- 
lion for hybrids in 1967; SI 10 million 
and S9 million, respectively, for the two 
categories in 1972. 

Thus, the total projections for aero- 
space equipment in 1967 are S39 mil- 
lion for semiconductor integrated cir- 
cuits and S7.5 million for hybrids, grow- 
ing to $221 million and $17 million, 
respectively, in 1972 and ending in a 
combined S2 38-million total for aero- 
space integrated circuits and hybrids in 
1972. 

Other categories of military equip- 
ment using these circuits are: 

• Mobile equipment, including mobile 
and shipboard communications, fire 
control, radar, navigation— In 1967, 
semiconductor integrated circuits will 
account for S2 million and hybrids S3 
million, rising slowly in the next five 
years to S40 million and 517 million, 
respectively. 

• Fixed equipment, including missile 
ground equipment, such as checkout 
gcar-This market will be virtually nil 
in 1967 ($2.6 million for hybrids only), 
since principal advantages like reliability 
and maintainability add little to present 
fixed equipment, and size and weight 
are relatively unimportant. By 1972, the 
Little report states, this may grow to 
SS9 million for semiconductor inte- 
grated circuits and S20 million for 
hybrids. 

• Evaluation and test— S6 million for 
semiconductor integrated circuits and 
S9.9 million for hybrids in 1967. 

Earliest significant use of integrated 
circuits in military/aerospacc hardware, 
according to the report, will be in air- 
borne and missile digital computers and 
other digital avionics gear. This is be- 
cause available integrated circuits can 
match requirements of this hardware 
now. and applied research programs arc 
already under way to include these cir- 
cuits in specific items of equipment 
(AW Jan. 14. p. 83). 


Trend toward digital circuitry in 
avionics equipment may favor this ap- 
proach. Emphasis on reduced size and 
weight in missiles will give added im- 
petus to their use, but this may be 
delayed by stringent reliability requirc- 

Whilc the dollar market for inte- 
grated circuits in spcecraft applications 
may be large, much of this will be con- 
sumed by engineering and design costs 
in a field characterized by small volume 
and extensive testing. Lower power, sav- 
ings in space, weight and improved re- 
liability will be key factors aiding inte- 
grated circuits, the report states. 

Use of analog integrated circuits, still 
in early development, and the virtual 
absence of realizable inductance in 
them, will limit their use in airborne 
communications until more of the latter 
switches over to digital circuitry, as is 
widely anticipated. 

Other equipment, such as airborne 
radar, electronic countenncasures and re- 
connaissance gear, will become increas- 
ingly adaptable to integrated circuits, 
but their use will not become substan- 
tial until well after 1967 because of 
differences in the availability of inte- 
grated circuits that meet necessary 
performance requirements of this gear. 

In evaluating the competitive capabil- 
ities of integrated, hybrid and discrete 
circuitry. Little researchers conclude: 

• Semiconductor integrated circuits— 
These have a lower cost potential in 
large quantities than comparable cir- 
cuits fabricated by other means. They 
hold promise, still unproven, of higher 
reliability. While slower than circuits 
made with discrete transistors, their 
speed should become comparable in 
three years. The values of resistance and 
capacitance arc less, and tolerances and 
temperature coefficients greater, than 
those of discrete components and thin- 
film circuits. Inductance is practically 


• Tliin-film integrated circuits-ln the 
absence of thin-film active components 
these do not exist except as passive ele- 
ment circuits which offer resistance and 
capacitance values, tolerances and tem- 
perature coefficients superior to those of 
semiconductor integrated circuits. 

• Thin-film hybrid circuits— These are 
highly competitive with semiconductor 
integrated circuits, offer more design 
flexibility and arc applicable where semi- 
conductor integrated circuits are not. 
But they are more costly, except in 
small quantities. 

• Discrete component circuits— During 
the next decade, conventional assem- 
blies with discrete components will con- 
tinue to prevail for one or a number 
of reasons, including wide range of 
component values and tolerances, sub- 
stantially lower short-run cost, design 
flexibility, repairability, established re- 
liability, familiarity and fast design re- 
action time. But they are threatened 
for reasons of cost and reliability by 
both integrated circuits and hybrid 

Factors affecting the decisions of 
whether or not to specify integrated 
circuits, as cited in the Little report, 
include: 

• Cost— Factory cost of semiconductor 
integrated circuits is SI. 09 per unit at 
a production rate of 65,000 units per 
month. This is production-line output 
balanced around one bank of diffusion 
furnaces. Factor)' cost of a silicon planar 
transistor produced in a quantity of one 
million per month by a high-speed 
mechanized factory is 28 cents, the re- 
port says. Thus, “the startling and com- 
pelling conclusion is that an entire semi- 
conductor integrated circuit will cost less 
than the transistors alone in any discrete 
or hybrid circuit employing four or 
more active elements,” the consulting 
firm states. At a production rate of one 
million units a month, semiconductor 
integrated circuit cost drops to 45 cents, 
making it cheaper than equivalent dis- 
crete transistors alone as long as more 
than one transistor is used per circuit. 

But even the 65,000 units per month 
figure is excessive for anything other 
than a large computer system which 
uses great numbers of similar circuits. 
Hence, a more practical question, the 
report notes, is how costs would com- 
pare for many different circuit types in 
small-quantity orders. The underlying 
factor here, in custom runs, is the cost 
of masks for making circuits. Little savs 
these costs run about S5.000 per set 
(Aviation Week & Space Tech- 
nology has reported previously that 
semiconductor manufacturers early last 
year quoted mask costs to the customer 
ranging between SI. 000 and $20,000). 
With an anticipated order of magnitude 
reduction in mask costs within the next 
three to five years and advances in cir- 
cuit design and process scheduling. 
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Push! 


When Ihc light blinks on. you know the pilot alarm is working. 
A sample of how easy it is to check out the new solid-state 
76C microwave system. 

The 76C is a maintenance man s dream. Because of built-in 
metering and alarm lest facilities he can come in without his 
usual bag full of scopes, test prongs, test jacks, and whatnot, 
and give the system a complete oncc-over without interrtiplin; 
service, just by pushing a button ... or twisting a knob . . . 01 
turning a switch. Nothing more. 

Check-out time of the 76C is unusually quick: 3 minutes 
for the alarms, only 15 minutes to record and compare all 
maintenance readings. Eight meters on a diversity terminal 
give him instant readings on such things as transmitter power 


output and automatic frequency control, while appropriate 
buttons and lights advise on functions that require no calibra- 
tions. If something's off. complete visual fault alarms imme- 
diately define the trouble. Replacing the faulty module takes 
only seconds. Not quite foolproof. Almost. 

I.enkurt Electric Co.. Inc.. San Carlos. Calif.. Washington. 
.3. C.. Rome. N. Y.. Santa Monica, Calif. 


LEA! KURT ELECTRIC 


GENERAL TELEPHONE & ELECTRONICS 


Little foresees semiconductor integrated 
circuits becoming cost competitive witli- 

Calculated factory cost for thin-film 
circuits at a production rate of one mil- 
lion units per month is between 30 
cents and 56 cents, depending on the 
size of the substrate. Once discrete ac- 
tive components are added, even if it 
is only a single active clement, the cost 
of the thin-film hybrid exceeds that of 
the semiconductor integrated circuit in 
high-volume production. 

Thin-film mask costs are less than 
those of semiconductors. This creates 
a situation, as depicted in an ac- 
companying chart (see p. 87), of a 
family of equal cost curves for semi- 
conductor integrated circuits and thin- 
film hybrid circuits as a function of total 
quantity produced and mask costs for 
an increasing number of transistors per 
circuit. Shorter runs favor thin-film 
hybrid circuits. By examining the chart 
for a typical circuit, such as a flip-flop 
(which employs two active elements), 
it can be seen that at an arbitrary semi- 
conductor mask cost of S 500 per set. 
a run of more than 3.100 circuits is 
necessary to justify economically a resort 
to semiconductor integrated circuits in 
preference to thin-film hybrids. For 
fewer circuits (below equal cost lines 
on the graph), thin-film hybrids are 
more economical. Clearly, reduction in 
mask costs is a key to the economic 
success of semiconductor integrated cir- 

• Price— Forecast of equivalent circuit 
prices, based on factors of cost, current 
price developments, technological ma- 
turity. industry plant capacity, compe- 
tition and production levels, is shown in 
an accompanying chart (see p. 93). The 
price profile for semiconductor inte- 
grated circuits, according to Little pre- 
dictions. will be repetitious of that for 
transistors, except that prices initially 
will drop more rapidly than did tran- 


sistor prices in their decline since 1959. 
Military and high-quality commercial 
digital units, presently cost competi- 
tive with discrete circuits, will become 
more so in the next several years. Ana- 
log circuits, on the other hand, will be 
higher priced because they arc newer, 
more tolerance-sensitive and more cus- 
tomized, and they are desired in smaller 
quantities. They will become price com- 
petitive within five vears, according to 
Little. 

• Size— Microminiature discrete assem- 
blies can realize packing densities of 
100.000 parts per cubic foot, and thin- 
film hybrid circuits ultimately 10 mil- 
lion per cubic foot, while semiconductor 
circuits can go to 100 million parts per 
cubic foot. 

• Reliability— Little estimates three to 
four years will be required to establish 
the reliability of either thin-film hybrids 
or semiconductor integrated circuits, 
even if a comprehensive reliability pro- 
gram. not yet in the offing, were to be 
started immediately. Predicted order of 
magnitude improvement in reliability 
over discrete component assemblies is 
based on extended use of planar tech- 
nology and deposited aluminum inter- 
connections to replace lead soldering 
and welding. 

• Other factors— Additional factors 
weighing on the decision to use or dis- 
regard integrated circuits and hybrids 
include loss of design and maintenance 
flexibility offered by discrete component 
assemblies, slower reaction times, the 
absence of adjustability and tuning and 
the substitution of emphasis on process 
and quality control, since integrated cir- 
cuits arc process products. 

Investment and skills required to 
achieve three levels of R&D capability 
in integrated and hybrid circuits, as 
cited by the Little report, include: 

• Small effort— For cither thin-films or 
semiconductor integrated circuits, this 
would consist of nine professional engi- 




A COMPLETE LINE IN A WIDE RANGE 
OF STYLES, SIZES AND MATERIALS 



SPHERCO 


SEALMASTER BEARING DIV. 
STEPHENS-ADAMSON MFG. CO. 

8 Ridgeway Avenue 
AURORA, ILLINOIS 
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HOW MUCH HEAT CAN A TRANSDUCER TAKE? 

We recently subjected our- Series 303 subminiature low 
pressure transducer to temperatures in excess of 600’F t .After 
the test, no appreciable change in pressure sensitivity, total 
resistance shift, dielectric strength or insulation resistance 
was evident. / To consistently provide this performance, 
Servonic Instruments uses temperature insensitive mate- 
rials in the vital sensing mechanism. Where expansion and 
contraction cannot be avoided, compensating materials are 
used. Electrical/electronie components can be introduced 
within the -circuitry of the instrument to correct for tempera- 
ture effects. The result is. a precision transducer virtually 
insensitive to temperature extremes. / Seldom are trans- 
ducers pushed beyond 200 F. They are usually shielded from, 
high temperatures encountered during missile firing 
and protected from the elements during storage. However, 
Servonic transducers are able to take temperature extremes 
wh,en required. / What temperature problems does your sys- 
tem face? Perhaps we can be of service. Write us. 



NASA Analysis 

Arthur D. Little. Inc., will conduct :i 
market analysis to determine how mid 
where mierncirenitrv best applies to Na- 
tion's needs, under a NASA contract. 
Analysis is expected to pinpoint 

art in uiicrocircuitry. 


neers, a capital investment of S450.000 
and an annual expenditure of S275.000. 
This facility could keep abreast of the 
state of the art. making design, proto- 
type and production items in support 
of engineering programs, applving cir- 
cuits made by others and perhaps turn- 
ing out several thousand units a month. 

• Medium effort— This facility would 
employ 22 professionals and require SI 
million in capital investment and $690.- 
000 in annual upkeep. It could provide 
for limited innovation and a capability 
tor substantial application support, in- 
cluding production prototypes and an 
in-house production capability of 30.000 
circuits a month. 

• Large effort— With a staff of -IS pro- 
fessionals. this facility would require 
S2.1 30.000 capital investment and an 
annual upkeep of SI. -I million. It would 
yield a major competitive position and 
allow for invention and advancement 
of the state of the art in either thin* 
films or semiconductor integrated cir- 

Estimates of the total capital invest- 
ment for production equipment, build- 
ing and plant site to achieve varying 
levels for different circuit types are 
shown in table (see p. 93). 



Thermionic Generator 


Thermionic generator, to be tested in a 
solar thermionic power system by Jet Pro- 
pulsion laboratory using 5-ftr-dia. concen- 
trator, has dehVcred up to SO w. of power 
during lab tests with efficiencies up to 7.47F . 
Generator, consisting of five elements con- 
nected in series mounted on cubical cavity 
with one side open to receive solar energy, 
was developed by Thermo Electron Engi- 
neering Corp.. Waltham. Mass. Generator 
weighs 3.3 lb. Thermionic emitters will 
0|>erate at temperature of 1.700C. 
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We’re looking for engineers who get 
restless resting on their laurels, who 
are anxious to move on to the next 
achievement, who are as excited as 
we are about the future of airborne 
digital computers. 

In 1959 we produced the LC-600, an 
airborne digital computer with a capa- 
bility comparable to that of a large 
ground-based machine. Its computa- 
tional power: 10,000 additions per sec- 
ond. We were not content. We looked 
for more performance, less size and 
weight. We got it. Our LC-820 airborne 
digital computer is capable of 250,000 
additions per second. Weight: 124 
pounds. Volume: 2.3 cubic feet. 

Our objectives for the future are to 
decrease size, weight, and cost even 
further while increasing reliability. 
Will you be on the team that packs 
more performance in a smaller, more 
compact computer? You will if you 
feel as we do about the future of 
aerospace computers. 

If you're ready for a step ahead in 
the airborne digital computer field 
and/or inertial systems, look into Lit- 
ton. Simply send your name and 
address foran application form or your 
resume' for immediate action. Write to 
Mr. J. A. Lacy, Guidance and Control 
Systems Division, 5500 Canoga Ave- 
nue, Woodland Hills, California. An 
equal opportunity employer. 


E LITTON SYSTEMS, INC. 

Guidance and Control Systems Division 


I - - ISirtSW' » 

4^ FILTER CENTER ^ 
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► 1-car Sicglcr Ponders Semiconductor 
Move— Lear Sicglcr, Inc., is considering 
entry into the semiconductor field 
cither by acquiring an existing semi- 
conductor company or by recruiting key 
personnel experienced in semiconductor 
technology. The company lias made 
studies or several firms and lias bad dis- 
cussions with engineers who might 
form the nucleus oT a new semiconduc- 
tor operation. 

► Thin Films From Electro-Chemical 
Reactions— Texas Instruments is con- 
ducting research on thin films formed 
bv electro-chemical reactions under 
Army Signal Corps contract. The com- 
pany recently was granted an extension* 
of another military contract, from 
USAF’s Aeronautical Systems Div., for 
research on organic materials suitable 
for avionic applications. 

► Electromagnetic Radiation Effects— 
Study of the effects of high-energy 
electromagnetic radiation on various 
semiconductor devices, including NPN 
and PNP transistors, field effect transis- 
tors. and diodes, is contemplated by 
NASA's Marshall Space Flight Center. 
Proposals on the subject arc due at 
Huntsville Mar. 1. 

► Boeing 727 Autopilot Undergoing 
Tests— Early flight tests of the Spcrry- 
Phoenix SP-30 autopilot intended for 
use in Boeing's short-to-medinm range 
727 jet transport have been successful. 
In one maneuver, a dutch roll purposely 
induced with the yaw damper disen- 
gaged was damped out by subsequently 
engaging the yaw damper. The auto- 
pilot was operational for the first 727 
flight but was not engaged because of 
insufficient opportunity for quality con- 
trol of the installation itself. In a subse- 
quent flight, the autopilot was ener- 
gized from taxi roll through flight and 
landing. 

► Laser Beams Penetrate Plasma— Light 
beams from a ruby optical maser have 
penetrated the plasma which may sur- 
round a space vehicle re-entering the 
earth’s atmosphere, engineers from 
Douglas Aircraft's Missile fir Space Sys- 
tems Div, report in the current issue of 
the Proceedings of the Institute of 
Electrical and Electronic Engineers. 
The plasmas were produced by shock 
waves on fixed models in a hvpcrvcloc- 
ity wind tunnel. Two types of re-entry 
situations were simulated— one of a 
vehicle orbiting the earth at 216.000 
ft. altitude and velocity of 25,000 ft. 
sec., the other of a vehicle at 245,000 
ft. altitude and velocity of 43,400 ft. 
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Sundstrand starters specified for F-110 aircraft 


Aeronautical Systems Division of Wright-Patterson 
Air Force Base has awarded an initial procure- 
ment order to Sundstrand Aviation, a Division of 
Sundstrand Corporation, for Sundstrand Cartridge- 
Pneumatic Starters for the new McDonnell F-110 
aircraft. 

Sundstrand Aviation, working closely with the 
Air Force, developed the first fully qualified cartridge- 
pneumatic starter in June, 1961. Since that time, the 
cartridge-pneumatic starting concept has gained 
growing acceptance. The dual-purpose starter is 
ideally suited for today's multiple mission require- 
ments. It is designed to utilize conventional ground- 
support equipment for normal operational pneu- 
matic starts. For alert starts, or remote base opera- 
tions where ground power equipment is not readily 
available, you use the cartridge mode. 

Sundstrand Aviation is producing and delivering 
other cartridge-pneumatic starters under contracts 
with Aeronautical Systems Division for B-52H, 
F-100. and C-135B aircraft. The basic starter con- 


figuration is readily adaptable to most military and 
commercial jet aircraft. 

The Sundstrand Cartridge-Pneumatic Starter of- 
fers a unique combination of tested and proven 
advantages for military and commercial aircraft 
requiring self-start capabilities . . . safety in operation, 
pressure and torque control, inherent overspeed 
limiting, reliability, dual starting capability, engine 
and personnel protection through positive contain- 
ment, maximum environmental capability, ease of 
maintenance, and maximum operational life. In- 
vestigate these proven advantages today. 



SUNDSTRAND AVIATION 

DIVISION OF SUNDSTRAND CORPORATION. ROCKFORD, ILL. 


. . . leader in secondary power systems 
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sec. Results closely correspond, within 
experimental accuracy, to expectation 
that light of this wavelength (6943 A) 
will not be attenuated significantly by 
plasmas. 

► Signed on the Dotted Line— Major 

cently been announced by various 
avionics manufacturers include the fol- 
lowing: 

• Columbia University, New York City, 
has received SI. 5 million contract for 
research on radar and defense problems 
from the USAF Office of Scientific Re- 

• Acronutronic Division, Ford Motor 
Co., Newport Beach, Calif., will con- 
duct experimental investigation of infra- 
red radiation from hot water vapor and 
carbon dioxide, both major rocket ex- 
haust products, and its transmission 
through the atmosphere, under $120,- 
000 contract awarded by Defense 
Dept.'s Advanced Research Projects 
Agency. Study presumably is connected 
with the Midas early warning satellite 
program. 

• Hamilton Standard Division, United 
Aircraft Corp., Windsor Locks, Conn., 
will investigate use of electron beams 
for welding in space under S340.000 
contract from Aeronautical Systems Di- 



Inverse-Pinch Plasma Generator Developed 

Inverse-pinch plasma generator, Model “Q”, capable of expanding plasmas at rates up to 
10 million em./sec. into magnetic fields as strong as 2.000 gauss, has been developed by 
Aracon Laboratories, Concord, Mass. Research program is funded by Advanced Research 
Projects Agency as part of its Project Defender ICBM-dcfcnsc program. Generator can 


NEW AVIONIC PRODUCTS 


• Broadband circularly polarized anten- 
nas, for operation over frequency range 
of 1.0 to 2.6 gc. (kmc.), have 24-in. dia. 
parabolic reflectors with crossed dipole 
feed producing gain of 14-20 db. Model 



A610-04L has 115 v., 60 cps. drive 
motor while similar Model A610-05L 
has servo-controlled drive motor. An- 
tennas are available with glass fiber ra- 
domc. Manufacturer: General Elec- 
tronic Laboratories, Inc., 18 Ames St., 
Cambridge, Mass. 


• RF spectrum analyzer. Type I BS. 
scans entire tuning range of a receiver 
and analyzes signal frequency charac- 
teristics which are recorded on strip 
chart. Analyzer can operate from audio, 
rectified intermediate-frequency, auto- 
matic volume control or discriminator 
voltage. Instrument weighs 60 lb., oper- 
ates from 50-60 cps. 110/200 v. power. 
Manufacturer: Rohde & Schwarz. Ill 
Lexington Ave., Passaic. N.J. 


• Micro-current sensor, capable of meas- 
uring currents as small as 0.1 milli- 
microampere and charges as small as 



0.1 milli-microcoulomb, operates up to 
temperatures of S0C. The Model 
RW600 sensor uses vibrating reed in a 
magnetic field and can be connected to 
an auxiliary readout or counting device. 
Accuracy at constant temperature is 
quoted at 1.5%. Manufacturer: War- 
neckc Electron Tubes. Inc.. 17? West 
Oakton St.. Des Plaines, 111. 

• Tunnel diode amplifiers, in variety of 
tvpes and frequence' ranges, provide iow- 
lioise operation. Model NC-61 50B has 
a 500 me. bandpass at the 1 db. point 
centered at 6.150 me., with noise figure 
of 4.2 db. and a nominal gain of 1 7 db. 
Device uses gallium antimonide tunnel 
diode, weighs less than 6 lb. including 
solid-state power supply. Model NC- 
0902 has bandpass of 25 me. centered 
at 956 me. with gain of 20 db. When 
operated into second stage having gain 
of 14 db., svstem noise figure is 3.9 db. 
Model NC-2101B provides noise figure 
of less than 4 db. for a second stage of 
up to 12 db., with a 30-inc. bandwidth 
centered at 2,115 me. Total weight of 
amplifier is 4 lb. including power sup- 
ply. Manufacturer: Micro State Elec- 
tronics Corp., 152 Floral Ave., Murray 
Hill, N.J. 
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OUT OF RYAN’S SPECTRUM OF CAPABILITIES: 


CAREERS 


FOR ENGINEERS TO WORK ON DOPPLER NAVIGATION SYSTEMS 


A TOP-SALARIED POSITION at stable, long-established Ryan in beautiful 
San Diego can be yours right now! Needed immediately are experienced elec- 

is the world leader in this challenging field; its new RYANAV IV navigator 
provides pinpoint navigation for all types of aircraft now flying or projected. Or 
you may join a creative Ryan engineering team in pioneering the newest develop- 
ments in V/STOL aircraft, such as the Army's XV-5A shown above. Oppor- 
tunities at Ryan also include work on advanced versions of the Ryan Firebee 
jet target drone. Ryan Flex Wing vehicles, and structures for Space Vehicles. 

SEND YOUR RESUME TODAY IN COMPLETE CONFIDENCE TO: 
MR. JACK GREGG. Professional Employment, Ryan Aeronautical Company. 
2754 Harbor Drive. San Diego 12, California. "An equal opportunity employer- 
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REPUBLIC F-105D MACH 2 STRIKE FIGHTER is capable of carrying 16 750-lb. bombs externally after modifications currently under 
way. Five arc carried under each wing and six under the fuselage. Modifications include wing racks and center line fuselage rack. Air- 
craft also carries 1,000 lb. of Vulcan cannon ammunition for a total conventional weapons payload of 15,000 lb. Aircraft based in Ger- 
many currently arc being flown to the United States for major modifications. 


F-105D’s Limited- War Capability Boosted 


By Cecil Brownlow 

Bitburg Air Base, Germany— Aircraft of the U. S. Air Force’s two Republic 
F-105D fighter-bomber wings in Germany are being funneled through an 
intensive SH-million modification and conversion program designed to 
substantially boost their conventional warfare capability as well as introduce a 
number of modifications devised after the aircraft entered service. 

For the early F-105D-10 models used here by the 36th Tactical Fighter 
Wing, approximately 385 technical order changes have been issued by USAF 
for each aircraft to transform it to a -25RE configuration. This is the latest 
version now rolling off Republic's Farmingdalc. N. Y., production line. A 
progressively smaller number of changes arc needed for the -1 5 and -20 mod- 
els, some of which are in service with the 49th Tactical Fighter Wing at 
near-by Spangdchlem Air Base (AW May 22. 1961, p. 74). 

Similar modification program is under 
way for U. S.-based I '-105 units, while a 
new wing presently being activated in 
Okinawa is receiving the — 25RE ver- 
sion directly from the production line. 

Over-all, an estimated 205? of the 
dollar cost of the program is going into 
basic design improvements and fixes. 

The remaining 805? of the cost for 
"Operation Look Alike” is designed to 
give the aircraft an improved potential 
for fighting conventional wars. The 
F-105D originally was designed pri- 
marily as a nuclear weapons platfonn. 

Latter move is being made in line 
with President Kennedy's call to the 
armed forces to increase their capabili- 
ties in this area to free the U. S. from 


the necessity of having to immediately 
resort to the use of nuclear weapons in 
the event of a Soviet conventional amis 
thrust into West Europe. Order also was 
designed to give the country a greater 
capacity for meeting peripheral. Com- 
munist-inspired ‘'brush-fire" wars in 
other areas of the world. 

Majority of the modifications arc con- 
cerned with the airframe and its direct 
components. Waterproofing of the fuse- 
lage to prevent seepage from damaging 
the aircraft's avionic systems is the only 
major work currently being done to 
benefit these systems. 

However, follow-on modification pro- 
gram under consideration would be di- 


rected primarily towards the avionic 
units, with greater reliability and a 
longer mean - time - between - failures 
(MTBT ) as its goals. Aircraft emerging 
from this project would be identified 
as the —51 version. 

Present modifications include in- 
stallation of external racks under each 
wing and beneath the fuselage center 
section to provide stations for 16 bombs 
weighing up to 750 lb. each. This will 
boost the F-105’s conventional weapons 
payload to a total of 1 3,000 lb. Installa- 
tion of the wing racks is unpopular with 
at least some F-105 pilots who foresee 
a possible stability problem if the 
aircraft load becomes asymetrieal. They 
would prefer, instead, one long rack 
positioned along the fuselage center 

Eight of the technical orders pertain 
directly to a fuel line and electrical wir- 
ing chafing problem that has been 
encountered both at Bitburg and Spang- 
dchlem. Although no lines have actu- 
ally been cut through, a number have 
become worn and were changed as a 
safety precaution. As a result, the chaf- 
ing, described by one maintenance offi- 
cer as "our major problem, contributed 
to a lowering of the average number of 
F-105Ds in commission throughout 
1962. 

(Continued on p. 107) 
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Thiokol’s Wasatch Division with facilities in Brigham City and 
Pocatello has full and ready capability for large segmented motors. 


First stage of Minuteman, now operational, took form here 
and became the largest solid ever flown— successfully in 
record low cost and time. 

The facilities and experienced personnel responsible can 
now be drawn upon to initiate immediate large segmented 
motor demonstration and R&D programs. 

Since 1960, many basic component demonstrations for 
large segmented motors— such as joint tests, TVC, trans- 
portation studies, ignition tests and others have been con- 
ducted at the plant near Brigham City, Utah. The nearby 
Wasatch Pocatello, Idaho, plant is fully equipped, sized 
and available for handling inert components, preparations 


and other supporting functions. 

From R&D through production, segmented motors’ facili- 
ties and experience are established at Thiokol. 

yyuoAoC 

CHEMICAL CORPORATION 
Bristol, Penna. 

Rocket Operations Center: Ogden, Utah 
An equal opportunity employer 



LACK OF ENCLOSED FACILITIES at West German F-10S bases forces most aircraft to sit out in all weather conditions at present. Gray 
water sealant paint is being applied to stop seepage which has been affecting instruments and avionics packages. Car-port-type shelters 
also arc being introduced in an effort to give the aircraft some protection from the elements. 


Other fixes include a wing modifica- 
tion for better performance, changes 
in the refueling probe and a gen- 
eral strengthening of the fuselage to 
forestall a possible 5.000-hr. fatigue 
problem encountered during Air Force 
structural tests in the United States. 

In the waterproofing modification, 
the aircraft will be coated with a battle- 
ship gray sealant paint. Water seepage 
into avionic units has been a continu- 
ing problem for the two Wings. Majority 
of their aircraft must remain positioned 
along outside ramps in all weather con- 
ditions, exposed to a heavy rainfall in 
the spring, summer and fall that changes 
to snow in the winter. 

A canopy seal also is being provided 
in the modification program that can be 
used when the aircraft is sitting on 
the ground in inclement weather to 
keep water out of the cockpit and cock- 
pit instrumentation. 

Aircraft Shelters 

In another move to combat the prob- 
lem, Bitburg plans to build a number of 
earport-type structures to house indi- 
vidual aircraft. Spangdchlem now has 
in place three surplus open-end. pre- 
fabricated shelters designed originally 
tor the ConvairB-58 supersonic bomber. 
Each can accommodate two F-105s. and 
-19th Wing Commander Col. Thomas 
D. Dejarnctte hopes to receive sufficient 
additional units during the year to pro- 
side most of his aircraft with shelter 
from the weather conditions of the sur- 
rounding Eifel Mountain area. 

Shelters for aircraft on alert at the end 
of the runway also are needed— each 
wing has 1 2 planes on this status at all 

The modifications themselves are 
being completed in two phases. Tech- 
nical changes requiring less than 10 hr. 


to complete generally were conducted 
at Bitburg and Spangdchlem by approx- 
imately 300 Republic Aviation techni- 
cians flown to Europe for this purpose. 
A majority of the on-base modifica- 
tions were concerned with air safety 

On a phased basis designed to leave 
each wing's operational capability intact, 
the aircraft arc now being flown to the 
Mobile, Ala., Air Materiel Area for the 
major modification work bv USAE per- 
sonnel. The 36th and 49th presently 
have 20 aircraft each at Mobile and 
expect the return flights to begin some- 
time in March, hirst modification 
flight to Mobile from Bitburg was in 
October. 

Total projected time for all aircraft 
to go through the program is between 
eight and nine months, although some 
of the initial planes may emerge with- 
out all the modifications needed to 
conform to the — 25RE specifications. 
These will be installed in the field at 
a later date. 

Once the program is in full swing, 


Mirage 3V Mission 

Paris— Dassault Mirage 3V supersonic 
VTOL lighter will be used primarily as 
a tactical nuclcar-amicd strike fighter 
under France's evolving plan for an in- 
dependent atomic weapons capability. 
Present programing reportedly calls for 
an order of approximately 150. 

In a low-level Mach .92 attack mode, 
the Mirage 3V has a design combat 
radius of 250 nant. mi. with a 2,000-lb. 
nuclear payload. Using a more economi- 
cal high-level approach coupled with a 
final low-level penetration attack, combat 
radius could be stretched to 400 naut. 
mi. with a 1, 200-lb. payload. 


scheduled flow time for an aircraft 
through Mobile will be one month. 
Work on U.S.-based aircraft will not 
interfere with Mobile's work on F-105Ds 
of the 36th and 49th Wings since the 
former are being modified by Republic 
at Farmingdalc. 

Flight Preparations 

The flight to Mobile itself causes 
some disruption in schedules here and 
places an added strain on the under- 
staffed maintenance units. It requires 
an average of 4} days to prepare an air- 
craft for the flight, including the instal- 
lation of extra tankage and readiness 
test flights. Planes are then flown back 
in flights of four, although six are 
normally prepared and fueled to com- 
pensate for any last-minute aborts. 

The 4.400-mi. non-stop flight to 
Mobile requires approximately 10! hr., 
with three refuelings. 

The on-base modification work at 
Bitburg and Spangdchlom began in late 
September with kits previously pur- 
chased by the government and shipped 
to the two sites. Initially, the Repub- 
lic technicians required more than 
seven full working days on each aircraft. 
During the latter stages of the program, 
this figure was trimmed to about four 
days per aircraft. 

■'Over-all." a Bitburg maintenance 
officers says, "it turned out to be a 
real good program. When they started, 
I was willing to bet they wouldn’t come 
near the Nov. 30 deadline, but tliev 
beat this by one week." 

Air Force personnel aided in the 
program by stripping down the air- 
craft before modification work was 
begun and by conducting acceptance 
flight tests after it was completed. 

The 36th and the 49th are hampered 
by a shortage of qualified personnel to 
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If you're a Space Electronics Engineer 


YOU SHOULD BE AT COLLINS 

Why? Because Collins offers you a chance to 
make significant contributions to some of the 
most important space communication work now 
being done. □ To date, Collins has engineered 
the communication systems which have carried 
American voices from space in every flight from 
the X-15 to Astronaut Schirra’s 6-orbit flight. 
Our engineers are currently readying extensive 
systems for NASA’s Apollo manned lunar space- 
craft. □ What’s next? □ Further investigation 
into the field of space communication. Further 
development and refinement of the equipment 
and systems needed for future space flights. Fur- 
ther extension of Collins’ leadership in the field 
through research, development, design and the 
practical application of the results in these areas 
to future space communication needs. 
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SURPLUS PRE-FABRICATED ENCLOSURES originally designed to house B-58 bombers are 
being used by the 49th Tactical Fighter Wing to protect its F-105Ds from weather. Each 
of the three enclosures on hand at present can shelter two F-105s. 


perform day-by-day maintenance work 
on such a complex weapon system as 
the F-105D. Problem is particularly 
acute since the aircraft are left out in 
the weather for long periods. 

At the moment, the two wings have 
about 85% of their authorized main- 
tenance personnel. Spangdehlem’s 
F-105 mechanic roster has dropped to 
as low as 62% of the authorized 
strength during the past few months. 
Experience Factor 

Another factor is that less than one 
per cent of the maintenance force of the 
two wings had previous F-105 experi- 
ence before reporting to Germany. 
The wings have on-base training detach- 
ments whose work is supplemented by 
trainee instruction by Republic field 
representatives, which partially offsets 
the lack of experience. 

Major concern is with the avionic 
systems, although reliability average has 
been edging upwards as maintenance 
and operational experience has been 
gained, despite the continuing problem 
of water seepage into the components. 
The two wings are operating with ap- 
proximately half of their authorized test 
bench equipment in operation, prima- 
rily because of lack of space. 

System with the largest average num- 
ber of writeups is North American 
Aviation’s NASARR -31MC all- 
weather fire control unit, with about 
800 work orders written per month at 
Spangdehlcm. The majority of these, 
however, can be corrected by cockpit 
adjustments. 

Doppler navigation system made by 
the Laboratory For Electronics (LFE) 
receives the next largest number of 
teports. Approximately 600 work orders 
per month are written at Spangdehlem, 
according to Col. Dcjamctte. 

Mean-time-betwecn-failure for the 
complete avionics package has been on 
the increase, however. A Republic sur- 
vey of a recent five-month period dur- 


ing which the 49th flew 7,038 hr. in 
4,164 sorties shows the following com- 
puted mean -time -between -failure in 
the air for the F-105’s major avionic 

• Radar (North American)— 10.1 hr. 

• Instruments— 12.3 hr. 

• Communications— 14.6 hr. 

• Doppler (LFE)-17.8 hr. 

• Autopilot (Cener.il Electric)-23.2 hr. 

• Toss bomb computer (General Elec- 
tric)— 34.0 hr. 

• Gun sight (General Eleetric)-57.7 
hr. 

Over the same period, success rate 
for scheduled sorties at Bitburg was 
92%, or 286 aborts versus 3,553 sorties 
actually flown. Launch success rate for 
avionic systems alone during the period 
was 93% with 288 electronic aborts as 
opposed to 4,164 sorties flown. 

The Republic study, backed by the 
experience of maintenance personnel 
at botli bases, shows that approximately 
one half of the aircraft returning with 
avionic write ups require only minor 
maintenance and can be available for 
flight within five hours. 

Engine Problem 

Another, and as yet unexplained, 
problem has been the tendency in some 
instances for the aircraft’s 26,500-lb.- 
thrust Pratt &' Whitney J75-P19W 
powerplant to surge, resulting in an 
engine flameout. 

On occasion, pilots have been unable 
to obtain a re-light and an aircraft has 
been lost. 

Pratt & Whitney and Air Force offi- 
cials say that, thus’ far, the problem is 
“unexplainable” and that investigations 
of the incidents have not yet led to any 
determination of where the problem 
lies— whether it is in the engine itself, 
its fuel system or in some other acces- 

Direct labor requirements for the air- 
craft as a whole also have been on the 
decline. Col. Robert L. Delashaw, 36th 


TECHNICAL WRITERS 

LOCKHEED GEORGIA COMPANY 
OFFERS YOU AN OPPORTUNITY 


of Technical Manuals, you will find 
a real challenge with our company 
on new military and commercial 
transport aircraft. 


We also offer excellent opportunity 
for the recent graduate in ME, AE, 
or EE, who has a sincere interest in 
the technical writing field. You will 
be preparing technical manuals 
(operation, maintenance, and in- 
spection) to military and/or com- 
mercial specifications on cargo and 

Investigate these immediate open- 
ings by sending your complete 
resume, in confidence, to: Thomas I. 
Thrasher, Professional Employment 
Manager, 834 West Peachtree 
Street, Atlanta 8, Georgia, Dept. 
G-75. 


L0CKHEED-GE0RGIA 

COMPANY 

A Division of Lockheed Aircraft 


NEED A MORE 
RELIABLE SOURCE 
FOR 

ELECTRICAL 
CONNECTORS? 

1 Airwork guaran- 
tees on-schedule 
delivery of custom 
assembled Bendix® connec- 
tors to MIL Specs. Most de- 
liveries made in less than 48 
hours.To order call 885-2401, 
Area Code 305, collect, or 
TWX 305-821-3720. 


O.E.M. DIVISION 


Rirwork 

INTERNATIONAL AIRPORT 
MIAMI 48. FLORIDA 
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Systems test engineers 
for airborne weapon systems 


MISSILE SYSTEM TEST AND EVALUATION 

Responsibilities: The planning, performance, and evaluation of 
data resulting from laboratory functional and environmental evalu- 
ation and testing of missile systems; the coordination and inte- 
gration of systems tests with test programs on individual units of 
the missile system; the engineering solution of design problems 
arising from the evaluation effort. 

Experience: One year or more in one or more of the following 
fields: System evaluation and test and environmental testing; 
system engineering involving missile or fire con- 
trol systems; field engineering on missile or fire 
control systems; flight testing of missile or fire 
control systems; radar systems, particularly pulse 
doppler, electrical power and armament control 
subsystems, fuze systems, autopilot and control 
systems and target tracking systems; microwave 
components and circuit design. 

Academic Background: A degree from an ac- 
credited university— B.S. in E.E., M.E. or Physics. 

U. S. citizenship required. 


FIRE CONTROL SYSTEM TEST AND EVALUATION 

Responsibilities: The planning, performance and evaluation of 
data resulting from laboratory functional evaluation and testing of 
complex advanced fire control systems; the engineering solution 
of design problems arising from the evaluation effort. 
Experience: One year or more in one or more of the following 
fields: System evaluation and test; system engineering involving 
missile or fire control systems; field engineering on missile or fire 
control systems; flight testing of missile or fire control systems; 

radar systems, particularly pulse doppler; micro- 
wave components; circuit design; electrical power 
subsystems; target tracking systems; digital com- 
puters, particularly airborne systems: analog com- 
puters; inertial components; infrared detection 
and track systems; aircraft displays and controls; 
navigation systems. 

Academic requirements: B.S. in M.E., E.E., or 
Physics degree from an accredited university. 
U. S. citizenship required. 


For immediate consideration, 
please airmail your resume to: 

MR. ROBERT A. MARTIN 
Head of Employment 
Hughes Aerospace Divisions 
11940 W. Jefferson Blvd. 
Culver City /2, California 



HUGHES 




Wing commander, says that approxi- 
mately 45 maintenance hours now arc 
required for each flight hour. "In my 
view, [this is] not a very had situation 
in this particular stage with the air- 
craft," he said. 'Hie 36th, first Euro- 
pean-based wing to fly the F-l 05, re- 
ceived its first aircraft in May. !%l. 
Airplanes for the 49th began arriving 
five months later. 

Over-all, Delashaw says the 36th is 
"quite happy” with the operational ca- 
pability or the aircraft, the only fully op- 
erational all-weather strike fighter now 
in Western Europe. 

While the later-model N'ASARR unit 
on the Lockheed F-104G has a ten- 
dency to have scope clutter in its air-to- 
air mode, primarily because of the 
smaller size of the radar dish and the 
long metal nose through which it has to 
probe, Delashaw says he has detected no 
such problem in the K-105 system. The 
aircraft is primarily a strike fighter 
and the air-to-air intercept mode is used 
sparingly. 

Main concern of both Delashaw and 
Dejamctte is to build up the number 
of hours flown. Dejamctte estimates 
that a pilot requires 20 hr. of flying 
time per month to maintain his combat- 
ready status. 

To attain this, the 49th would need 
to amass a total of 2.100 hr. per month. 
At present, only 1,600 hr. maximum is 
available with the present maintenance 
capability of the wing. Current average 
flight time for a 49th pilot is about 1 2.5 
hr. 

Aside from maintenance, there arc a 
number of other factors which tend to 
lower average flight time. One, again, 
is the weather encountered here, where 


the problem often is not so much in the 
airborne phase but in taxiing and take- 
off. Runways and taxiway s tend to un- 
dulate. They also slope toward the 
sides, and the difficulty in winter is to 
keep the aircraft from sliding off the 
icy paved surfaces. 

Col. Delashaw estimates that year- 
round well over 65% of the wing's fly- 
ing time is under instrument conditions 
and that practically all landings are 
made via ground-controlled approach 
(CCA). 

Also, because of the wings' opera- 
tional commitments, no aircraft is ap- 
proved for takeoff on a training mission 
in the area unless all systems are operat- 
ing and ready for use. Despite this, the 
two wings together accumulated a total 
of 33,000 flying hours in approximately 
20,000 sorties during the first 16 months 
of F-105 operations in Europe. 

Utilization rate per month pet air- 
craft during the first three quarters of 
1962 for the two wings ranged from a 
low of 15.1 hr. to a high of 28.2 hr., 
according to the Republic study. Aver- 
age was about 19 hr. per month calcu- 
lated on the basis of an average 69,1 
planes in each wing. 

With all the handicaps, between 
92% and 95% of the pilots in each 
wing are qualified as combat ready— a 
difficult status to attain. Requirements 
stipulate that, before qualifying, a pilot 
must meet unit training standard re- 
quirements on 7 of the 11 F-105 weapon 
delivery modes. Present requirements of 
the wings for circular error accuracy of 
weapon impact exceed Air Force design 
specifications for the F-105 by almost 
12% in some modes, according to Re- 
public. 



We offer excellent opportunities 
at all levels for the experienced 
Engineer with a background in 
contract requirements and tech- 
nical contract language. Should 
have ability to present oral and 
written proposals and be inclined 
towards administrative responsi- 

Requires an engineering degree. 
Legal background very desirable. 
Investigate these immediate 
openings by sending your com- 
plete resume, in confidence, to: 
Thomas I. Thrasher, Professional 
Employment Manager, 834 West 
Peachtree Street, Atlanta 8, 
Georgia, Dept. G-75. 

L0CKHEED-GE0RGIA 

COMPANY 

A Division of Lockheed Aircraft 
Corporation 

An equal opportunity employer 


EOS 

SOLAR PANEL ENGINEER 
ME or EE 

To assume responsibility on 
programs in spacecraft, power 
systems designed, fabrication, 
and flight testing. Qualifica- 
tions should include technical 
detailed knowledge of photo- 
voltaic power systems and re- 
cent experience in the design, 
development and test of elec- 
tronic power equipment. 

For additional information call or 
send resume to 

D. J, Taili — D. L. Smelser 
Professional Staff Placement 
ELECTRO-OPTICAL 
SYSTEMS, INC. 

300 North Halstead Street 
Pasadena, California 
449-1230 
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Additional Bell OH-4As Under Construction 


Four additional Bell OH-4A helicopters are under construction at company's Fort Worth 
plant. Helicopter is a competitor in the Army's light observation helicopter (LOI1) com- 
petition. First of five prototypes flew Dec. 8 (AW Dec. 17, p. 30). Aircraft since has made 
10 test flights and currently is undergoing tie-down ground runs preparatory- to starring 
11) (Mir. ground ran for Federal Aviation Agcncv. OH-4A is powered by a 250-shp. 
Allison T63-A-5 engine and can carry four persons. 
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Rotating Prism Panoramic Camera Adds 


New Dimension to Photo-Recon Technique 


By Ward Wright 

New York— Forward oblique aircraft 
mounting of a high-speed, rotating 
prism panoramic camera is yielding 75% 
more coverage than a conventional 
frame camera in the same installation 
and could increase the flexibility of re- 
connaissance missions. 

Camera, built bv Fairchild Defense 
Products of Fairchild Camera and In- 
strument Coro., is an earlier version of 
company’s F-415A rotating prism 
panoramic camera designed for vertical 
installation. 

Vertically mounted and at maximum 
cycling rate, the F-41 5 A can make a con- 
tinuous sequence of 180 deg., horizon- 
to-horizon, high resolution photographs 
at altitudes as low as 275 ft. and ground 
speeds of 600 kt. At 480 kt., photo- 
graphs have been taken as low as 120 ft. 

At all cycling rates, F-415A capability 
provides for 60% overlap between indi- 
vidual exposures to ensure that the area 
is photographed at least twice for pos- 
sible use in stereoscopic interpretation. 

Panoramic camera concept is not 
new, having been used for years by group 
photographers and in slower aircraft at 
higher altitudes. Only recently has the 
rotating prism been applied to low-level, 
high-speed aerial photo reconnaissance. 
This concept is the only way to obtain 
a 180 deg. continuous exposure, com- 
pensated for image motion throughout 
the entire format, with high-speed low- 
flying aircraft. 

By making a continuous horizon-to- 
horizon photographic strip, the rotating 
prism panoramic camera eliminates 


some of the print-matching problems as- 
sociated with the more common tri- 
metrogon or other multiple camera ar- 
rays. Trimetrogon station cameras are 
three separate frame cameras— one ver- 
tical and two mounted in the side 
oblique position— used to obtain hori- 
zon-to-horizon coverage. 

Both trimetrogon and rotating prism 
photography require fore and aft match- 
ing of photos along the direction of 
flight. The rotating prism technique 
eliminates the need to match the two 
oblique frames with the center frame— 
a complicated step in trimetrogon pho- 

The basic design phase for the camera 
began in October, 1961, and it was de- 
livered to Tactical Air Command last 
March. The camera became operational 
last fall, installed in some McDonnell 
P-101 aircraft. F-lOls were used for 
reconnaissance during last fall’s Cuban 

Basically, the F-415A employs a 
“double dove” prism— two 5-in. triangu- 
lar prisms joined along the surface, or 
plane— mounted so that it can rotate 
along the same line as the longitudinal 
axis of the aircraft. Joined prism forms 
a rectangular solid. 

Prism begins its scan when the plane 
formed by the joined surfaces begins to 
rotate out of the horizontal position be- 
cause light is deflected from the camera 
lens. As plane continues to rotate, light 
from horizon on the starboard side of 
the aircraft is deflected into the lens 
barrel. Simultaneously, the film strip is 
started in motion. The prism continues 
its scan toward the port horizon and 
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F-lll, formerly designated TFX, bi-service tactical fighter for the Air 
Force and the Navy, is in the design and development stage at General 
Dynamics/Fort Worth. ■ Qualified engineers and scientists will find 
absorbing opportunities in virtually all disciplines with this new project, 
as General Dynamics/Fort Worth continues pioneering technological 
development of the Southwest. ■ If you would be a part of this scientific 
adventure, send a resume of your training and experience to General 
Dynamics/Fort Worth, P. 0. Box 748, Fort Worth, Texas. An equal 
opportunity employer. 


GlllilillD GENERAL DYNAMICS | FORT WORTH 



"paints" the image on the moving film 

\Vhen the plane is again horizontal, 
light can no longer enter the camera 
and film is stopped until the prism can 
again pick up the starboard horizon. 

During this cycle, the lens barrel, 
which is mounted on pivots, oscillates 
toward the rear of the aircraft to com- 
pensate for the apparent rearward move- 
ment of the ground image. This pre- 
vents the image from "smearing" or 
blurring during the exposure. The proc- 
ess is similar to the eye's ability to track 
a stationary object from a moving vehi- 
cle without turning the head. If the eye 
did not track, the image would blur. 
Rate of oscillation is controlled by the 
Image Motion Compensating mecha- 

When the cycle is complete, the lens 
barrel returns to the forward position 
ready to move to the rear again when 
the prism picks up the new horizon. At 
maximum cvclmg rate, the prism rotates 
at three times per second. The lens 
barrrel oscillates and film is started and 
stopped six times per second. 

Airborne Computer 

Image motion compensating rate is 
controlled by a small airborne computer, 
but can be programed manually if 
ground speed and altitude are known. 

Two points directly opposite each 
other on the earth's surface will not be 
opposite each other on the print be- 
cause of the movement of the aircraft. 
Fairchild Defense uses a transparent co- 
ordinate grid overlay which compensates 
for the difference. 

When the grid is laid Over a print, 
accurate measurements can be scaled di- 
rectly in ground coordinates. 

Camera uses standard aerial recon- 
naissance film, has a focal length of 3 
in., shutter speed from 1/100 to 1/SOOO 
>ec.. and lens opening of f/45. Resolu- 
tion is 3S lines per nun. 

In the forward oblique mounting. 
Fairchild Defense engineers installed a 
modified F-41 5 camera depressed 20 
deg, from the horizontal in the nose of 
a chartered twin-engine Beech AT-11. 
Image motion compensation was not re- 
quired since relative ground motion is 
less in the oblique position than in the 
vertical installation. 

Greater coverage achieved bv rotating 
prism panoramic camera over conven- 
tional frame camera in forward oblique 
mounting, could add an extra dimension 
to reconnaissance missions, Fairchild 
Defense feels. 

In terms of mission flexibility, the air- 
craft need only approach the target from 
one side, take photographs, and return 
without having to fly past the target or 

Air Force is following the develop- 
ment program closely, Fairchild Defense 
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IBM 

Systems and 
Scientific 
Programmers 
& Analysts 

Explore excellent career assignments 
available with IBM’s Federal Systems 
Division. Total systems development 
offers you unique opportunities to 
grow with the programming pro- 
fession ... to participate in the de- 
velopment of new techniques and pro- 
gramming applications. Immediate 
assignments are open with our ad- 
vanced systems staffs in: 
Programming analysis 
Simulation programming 
Real time operation programming 

These include challenging tasks in: 

Data Reduction 

Decision Programming 

Information Retrieval 

Logistics Simulation 

Message Switching 

Numerical Analysis 

Sound Recognition 

Orbital Prediction 

Problem-Oriented 

Language Processors 

These are opportunities for personal 
and professional growth. In addition 
to educational and benefit programs, 
salaries are commensurate with abil- 
ity and merit. Relocation expenses 
arc paid. Locations are in Washing- 
ton, D. C., Midwest, and Far West. 

Assignments are available at interme- 
diate and senior levels. Qualifications 
include experience in programming 
large-scale computer systems. 

Write today, outlining your back- 
ground, to: 

James H. Burg, Dept. 524B4 
IBM Federal Systems Division 
Bethcsda 14, Maryland 


an opportunity 



to use your 


mechanical 


ingenuity 


If you enjoy the challenge of complex 
mechanical problems, you'll be inter- 
ested in FMA. 

FMA is one of the nation's leading 
producers of advanced electro- 
mechanical-optical systems for the 
fast-growing field of information tech- 
nology. In exploiting the information 
storage potential inherent in the photo- 
graphic emulsion, we have designed 
and developed sophisticated film trans- 
ports. viewers, optical systems, and 
display devices. Mechanical engineer- 
ing plays an important role in the 
development of this equipment, and 
mechanical engineers arc often project 
leaders. 

FMA can offer you the opportunities 
inherent in an expanding, successful 
company. Why not discuss this with 
us? Because of our continuing require- 
ments, your resume will always receive 
prompt and confidential attention. 

Write to: Mr. C.J. Blades 
FMA, Inc. 142 Nevada Street 
El Segundo, California 



When you think of inForMAtion think of FMA 
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LUNAR LANDING 
AND RENDEZVOUS 
PROGRAM OFFERS 
ENGINEERS & 
SCIENTISTS 
THE GREATEST 
TECHNICAL CHALLENGE 
OF OUR TIMES 

The selection of Grumman to design, develop 
and fabricate the NASA Lunar Excursion Module 
(LEM) which will be used to achieve the Apollo 
program’s goal of landing astronauts on the 
moon, opens a new chapter in the conquest of 
space. Boosted by a three-stage Saturn C-5 
vehicle, the Apollo spacecraft will enter lunar 
orbit and LEM will separate from the spacecraft 
to begin its epoch-making descent to the 
lunar surface. 

Later, it will launch itself back into orbit and 
rendezvous with the Apollo Command and 
Service Modules permitting the lunar astronauts 
to return to earth, while the LEM is jettisoned 
into lunar orbit. 

The Lunar Excursion Module and other space 
programs at Grumman are creating unprecedented, 
professional opportunities at the company. 

Make 1963 a year of personal achievement in an 
endeavor that ranks among the greatest of all 
times. Current requirements are detailed on the 
next page. We invite your inquiry on the attached 
inquiry form or by personal resume to Mr. W. 
Brown, Manager Engineering Employment, 

Dept. GR25. 



GRUMMAN 

AIRCRAFT ENGINEERING CORPORATION 
Bethpage • Long Island • New York 

(An Equal Opporlunily tirplorir) 
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ENGINEERS & SCIENTISTS 
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AERODYNAMICS • AIRFRAME DESIGN • AIRCRAFT STRUCTURES 
MYLAR DESIGNING • WEIGHT CONTROL • PRELIMINARY DESIGN 
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a corporate-financed Graduate E 
such accredited schools as Yale U 
Graduate Center) and Columbia U 


Sikorsky Aircraft- 


STRATFORD, CONNECTICUT 


1 Equal Opportunity Employer 


tAPT CORPORATION 
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ENGINEERS ■ SCIENTISTS 


important 
& immediate 
opportunities 

PRATT & WHITNEY AIRCRAFT 

in 

CONNECTICUT or FLORIDA 


We are seeking competent and creative people who can help advance 
programs in the dynamic and fast-moving field of energy conversion. To 
in addition to concentrated research and development efforts on advar 
gas turbines and rockets, we are exploring new and exciting avenue 
every field of aerospace, marine and industrial power application— ran 
from fuel cells to thermionic generators. 

And the environment ... be it picturesque Connecticut or bright Florid! 
is excellent for living, working, playing. Other advantages are: a corpor 
sponsored graduate study program— excellent engineering environn 
and facilities— and company-funded research and development progr 
amounting to multi-millions of dollars annually. 


WE H 


E IMMEDIATE OPENINGS IN THE FOLLOWING FIELDS: 


THERMODYNAMICS— HEAT TRANSFER 

MECHANICAL DESIGN 
STRUCTURES 
FLUID MECHANICS 
PERFORMANCE ANALYSIS 


M ETALLU RGY — C ERAM I CS 
NUCLEAR ANALYSIS 
REACTOR OPERATIONS 


STRESS ANALYSIS-VIBRATIONS 


for engineers and scientists at various experience 
e in important programs. If your specialty or field of 
ire, write us— regardless. 

isume in confidence, stating salary requirements, 


MR. P. D. SMITH 

PRATT & WHITNEY AIRCRAFT 

400 MAIN STREET 

EAST HARTFORD 8, CONN. 


MR. J. D. MORTON 
PRATT & WHITNEY AIRCRAFT 
• WEST PALM BEACH 
FLORIDA 


Pratt & Wh itney R i rcraft 


U 

R" 


STRESS 

ANALYSTS 

AE's, ME's, CE's, 
NAVAL ARCHITECTS 

Apply 

Your Knowledge 
of Stress Analysis 
—and ADD TO IT 

in a Unique Field 
the 

NUCLEAR 

POWERED 

SUBMARINE! 


To n 


exploi-iv 


Engineering Group has been 
formed at Electric Boat to apply 
tile principles of dynamic shock 
analysis to submarine design. 
You can join this group in the 
creative search for submarine 


G II IS ID 
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I GENERAL ELECTRIC TO SUPPORT NASA IN 
\ '^FORMULATING DESIGNS AND EQUIPMENT j 
CHECKOUT OF THE. APOLLO SYSTEM J' 


The National Aeronautics and Space Administration has assigned to 
I General Electric a major role in designing and developing integrated, 
automatic checkout and test equipment for the APOLLO program, in addi- 
tion to supporting NASA in overall reliability of the entire system. High 
level specialists and systems people are being drawn from many components 
of the company to contribute to the design and development of computerized semi-automatic and 
automatic checkout systems. Additional highly qualified engineers and scientists are needed now. 


Assignments are at HUNTSVILLE, ALABAMA 

Engineering experience required in 

SYSTEMS and SUB-SYSTEMS CHECKOUT and TEST PLANS, DESIGNS and OPERATIONS 
Electrical ■ Electronics ■ Mechanical ■ Conversion and Guidance ■ Propulsion ■ Instrumentation 
and Communications ■ Telemetry ■ Pyrotechnic ■ Vehicle Systems ■ Systems Specifications and 
Designs ■ Digital Command Systems ■ PCM ■ Computers ■ Display ■ Analog and Digital Simu- 
lation ■ Test Simulation ■ Vibration Analysis ■ Space Mechanics ■ Operational Support Systems. 
If you have experience in any of the listed areas, write us today (include salary requirements). Your inquiry will 
be held in strict confidence. Write to: Mr. P. W. Christos, Professional Placement, Section 64-M, Apollo Support 
Department, General Electric Co., Support Building, Daytona Beach, Florida. 


APOLLO SUPPORT DEPARTMENT 

GENERAL @ ELECTRIC 




Specific Career Positions at NASA 

s Available Immedi 
fornia, Texas, Alab, 

SSEBSSi 


The career positions outlined below 
bear a direct and significant rela- 
tionship to the nation's space ef- 

Respondents should have a BS or 
advanced degree from an accred- 
ited college or university. Please 
send your inquiry to the Personnel 
Officer of the appropriate NASA 
center, as indicated below, 

NASA GODDARD 
SPACE FLIGHT CENTER 

Dept. NC-1. Greenbelt. Maryland 
(Suburb of Washington, 6. C.) 
Satellite Tracking 

Various positions at beginning through 
logs in Systems A n/fy s^i n d va i ujt fan 

ShoTOt?c™'or B my°sks B prYferreO. E6 ' 
Communication A Data Acquisition 
Program Management 
Technical management for develop- 
ment of satellite communication and 

Systems Analysis 


Outstanding Opportunities Available Immediately 
At NASA Centers in Maryland, California, Texas, Alabama and Ohio 

Electronics option preferred. 


S 3 K£ 


Spacecraft Heat & Light Control 

design' and development of passive 
and active temperature control^ sys- 

f y 5eST 


StSivru, 


Electronic Flight & Support Systems 

Design, ^ coordination and integration 


Space Vehicle Project Management 

rechnlques for acquiring and evaluating 

ment of rocket vehicles. Beginning 
through senior level^openlngs for En- 

Flight Systems Test 

sSrSini'' 1 """* 

NASA FLIGHT 
RESEARCH CENTER 

Dept. NC-1, Edwards, California 

Automated Control Systems 


control and navigation purposes. BS 
earsj experience in design^and 


llo Frequency Systems 


giSs 


s' experience in tracking, 


Supersonic Aerodynamics 
Parametric studies ( Of configuration 
and stability characteristics. Evaluate 
designs and advise on problems of su- 
personic and hypersonic configuration 
aerodynamics. Flow field effects on 


tfr.nl, . equation.. Four .n.r, tnnlrni 

Reliability A Quality Assurance 

\£s 

C! E^erlence'“n7elUm[iS engl- 
Structural Mechanics 
Research^ In^vlbratlon^ dynamics and 


famish* a fa numerlcal "rellabifi ty~ of' sys- 
tems and components of the X-15 Re- 
search Aircraft. Establish reliability 
prediction technlnues-predictlve erf- 


yMcs™ 

s 


!stems1” e tc?BS*i1^ 


lt^ X f<^ , perf orm 11 hi£h *le 

NASA AMES 
RESEARCH CENTER 

Dept. NC-1, Mountain View, Calif. 

Solld^ State ChcuHiy ^ 

!ngs*at^lh re interme^iatS r a*nd senior 

Light Measurement 

includes %^ e Vt'r op h om e to r s'* Vorsin- 




!*$■» th C 




design^lniermedlate end senior love! 

Fluid A Flight Mechanics 

Mechanical Engineers ^ experienced in 

ffirawjng?ro^^ 

dfate'Md^iorlewTopenlngsl 
Data Acquisition Systems 
Electronic Engineers p 

anr B gu1dan P c r e ! ?ystems.' IntermeSe 

and senior level openings. 

NASA LEWIS 

RESEARCH^ CENTER ^ ^ 

Propulsion Components A Systems 
Experience with cryogenic tanks and 
valves, turbo-machinery, dynamic con- 
trols, thrust chambers, gas generators, 
heat exchangers, systems analysis and 
systems testing. Research on heat 
transfer, lubrication and bearings, tun. 






Kfax” 

Facilities Engineering 


famUtles** Analyze test*requlr2nwdsj 
techniques. Instrumentation^ and con- 
Project Development Engineering 
quPrements- develop Ifhfdutl' and' 

j§s|r§S KJ£| 

sponsibilities. 

Mission Analysis A Application 
Analysis ol mission requirements In 
terms of flight paths, orbits, payloads, 
propulsion, control, and guidance: con- 
vehicles, boosters, and* their comblna* 

Beginning to senior level openings. 

Vehicle Structures 

Conceive^and design vehicles to meet 

se?ectlon Ul5 '°" mal ' ,lal! 

Ground Support Equipment 
Oesign and development of ground 
support systems for checkout end 

Nuclear Propulsion A Power Systems 






,r. 3 £I“ 


asa."_ 

rM.iSISs.teji 

susE'MrsS. - 

fabrication, environmental testing, sys- 
tem rantrols^ Research^ on dlrecl^con- 

somiconductor and pla^rna^no 
version ^devices. Beginning tc 


lutomated Control Systems 

lesearch In Theoretical Physics, ^ Aero- 

larlfmolorsl Also 3 will include pre-flight 




Flight Mechanics. Guidance and^C 

MS or PhD ln y phy"lcriSomafic; 
Aeronautical Engineering preferred. 
Space Sciences 

Participate in space vehicle and spr 


Development ol Analytical Formulation 
of Space Flight Orbits. Atmospheric 
Re-entry Flights, Stability and Control 
ol RigitMtodies, Guidance Control B |ys- 

nlmtical Engineering (mhl. 20 semester 
hrs. in Physics). 

Measurement A Control Systems 

Solution ol aerodynamic, electronic and 


ance and Control Wories. Beginn 
through senior level openings. BS 
MS In Physics or Mathematics | 


WhoM' 
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LETTERS 


Value Analysis 

Mr. II. E. McDonald's remarks about 
the Martin-Orlando Value Analysis Opera- 
tion in his letter to the editor (AW Jan. 
14. p. 126) need some clarification. 

Martin's Value Analysis-Engineering Pro- 
gram was inaugurated in 1945 (one o! the 
first in industry), and organizationally was 
located in the Engineering Div. Since 
then the program has been expanded to 
cover all areas — Manufacturing, Quality. 
Procurement, Administration, etc. The rea- 
son it was located in the Engineering Div. 
is obvious; almost all product costs and 
problems are created during design. Al- 
though a comprehensive "after-the-fact" ef- 
fort is conducted, the emphasis is placed on 
the design in its conceptual stage. 

The statement that the 70% cost reduc- 
tion achieved on one of our programs "was 
due mostly to a predictable fact known as 
a learning or experience curve” is difficult 
to understand. Of the many applicable 
learning and experience curves resulting 
from the theory originated by Mr. T. P. 
Wright in 1936, none will give a 70% re- 
duction in product cost. Learning and expe- 
rience curves did contribute to the cost re- 
duction, but the bulk of the cost reduction 
was the result of an attack, by Martin and 
its suppliers, on the function of each detail 
part, subassembly, equipment, etc. Inciden- 
tally, these cost reductions were over and 
above those achieved at the design concept 
stage which are usually more difficult to 
measure and very seldom recorded. 

J. L, Doaio 

Martin Orlando VA Staff 

Orlando, Fla. 


Underwriter’s Reply 

As an aviation accident underwriter, I 
was extremely dismayed to see your maga- 
zine publish in its July 30 issue (p. 94) a 
letter from an airline pilot alleging that the 
insurance companies arc responsible for 
suicides who cause the death of other air- 
line passengers. 

I should think that a magazine like 
yours, as outstandingly accurate as it usu- 
ally is. might have had recourse to in- 
vestigate the facts concerned before pub- 
lishing such a letter. 

The letter says that "... prospect of 
financial gain still exists for the bene- 
ficiaries of large airline trip insurance poli- 
cies." As the person in charge of under- 
writing flight insurance policies for my 
firm, I can assure you this is not the case. 

First of all. no one insured may take 
out more than S75.000 of flight insurance 
from any one company. Secondly, the 
standard flight insurance policy excludes 
losses caused by suicide. Thirdly, should a 
proposed beneficiary be responsible for an 
airline crash, no insurance company would 
pay that beneficiary's claim as this would 
clearly be against public policy. 

Therefore, the allegations made in the 
letter you published are purely false. No 
insured could ha\-c his estate profit by 
his osvn suicide under such vending ma- 
chine policies. 


Whereas that letter-writer proposed that 
changes be made in existing insurance poli- 
cies, I should like to propose instead 
that your magazine publish these facts so 
that prospectis-e suicides may be de- 
terred from their act by noting that their 
estate or beneficiary would have nothing 
to gain. 

Perhaps this seems unnecessary to say. 
but the fact is that the purpose of flight 
insurance policies is to provide an eco- 
nomical way for the average persons to 
leave behind a good deal of money should 
his death be accidentally caused. It is. 
then, only for the benefit of society that 
these policies are made available — not for 
the sake of causing undue suffering and 
harm. Robert Lawrence 

Aviation Accident Underwriter 

Long Ring Contest 

I would like to propose a new contest for 
all airline users— particularly those wishing 
to obtain flight information os-er the tele- 
phone. The following rules should apply: 

• Obtain the desired airline phone number 
from the information operator. 

• Dial the number and let it ring. 

That's all there is to it. The winner is 

that person who has to ring the longest be- 
fore the called airline answers. 

I would like to submit my attempt, com- 
prising three consccuti\-c calls of one, two 
and three minutes waiting respectively, to 
Eastern Air Lines, My wife is currently 
working on a fourth try. but we will have to 
forward the waiting time information at a 
later date. I expect to be mailing this letter 
before ss-c hang up after a fourth unsuccess- 
ful try. 

I suggest that you keep records of all en- 
trants; the winner being given one opportu- 
nity to contact, by phone, the airline of his 
choice with a maximum wait of 1 5 sec. 

S. A. Fierston 
Swampscott, Mass. 

Last Jet Straw 

The single-class service proposed by 
United Air Lines is the last straw in the jet 
plane fiasco. The airlines made two serious 
mistakes when they introduced jets. They 
overestimated traffic growth and they failed 
to foresee the diversion from first class to 
coach service that occurred when flight 
times svere reduced. As a result, too many 
jets, which now- By about half-empty, were 
ordered, and the airlines retired their piston 
planes as rapidly as possible thereby losing 
the opportunity to establish a meaningful 
distinction between first class and coach 

If a single class sen-ice is adopted, the 
entire financial burden caused by these air- 
line miscalculations will fall on the coach 
passenger. Fis-c years ago a nonstop, cross- 
country flight took nine hours and the 
round-trip coach fare was S200. With sin- 
gle class sen-ice the fare will be over S300 
for a fis-c-hour flight. Very fesv non-business 
passengers are interested in saving time at 
a cost of $13 an hour. On the other hand, 
the single class fare would be less than the 
old first-class piston fare. 


If the airlines want single class jets, they 
should be requested to resume piston flights. 
If this is incons-cnicnt for them, perhaps 
the CAB should consider licensing a new 
airline which would pros-idc economical pis- 
ton service. The success of Icelandic Air- 
lines amply demonstrates the demand for 
such service. Richard Rosenbaum 

Palo Alto. Calif. 

How Coine? 

ransom for Cuban prisoners of war. addi- 
tional millions of dollars for military- aid to 
"non-aligned" India, and billions of dollars 

afford to provide MATS with adequate 
funds to continue its call-flying policy with 
the airlines? How come freight is backed up 
so badly that in many instances there is no 
longer warehouse space left in which to 
store it? How arc the logistical requirements 
of our armed sen-ices to be met? How come 
thousands of trained airline personnel arc un- 
employed because of the absence of cull- 
flying? How can the airlines and their per- 
sonnel be expected to maintain an interest 
in MATS flying when costly equipment sits 
idle and crew training costs go down the 
drain? Why can't we get a little money 
for our side? 

Howard L. French 
Unemployed Airline Pilot 
Seattle. Wash. 

Conspicuous Absence 

On the evening of Jan. 29 the American 
Broadcasting Co. telecast a Documentary- 
Special entitled "Big Bomber Battle." Dur- 
ing this program scs-eral United States Air 
Force bombers were mentioned, but the 
B-58 was, in my mind, conspicuous by its 
absence. Why? 

The federal government has spent in ex- 
cess of S4 billion developing an aircraft 
which I’m led to bclies-c has tremendous 
potential. Whv isn’t this potential being 
recognized and utilized? What is happening 
inside the Air Force to stifle the B-58 pro- 
gram? Why is the B-58 being ignored? 
Has the Air Fora- made the best possible 
use of the B-58? Has the Air Force been 
objective in the handling of the B-58 
through development and now in its opera- 
tional status? 

These arc a few of the questions I feel 
should be answered before the aircraft is 
relegated to the scrap heap and/or more dol- 
lars are spent on new aircraft in the same 

Data is available which demonstrates the 
capability of the B-58 to bridge the gap be- 
tween the operational B-52 and the pro- 
posed RS-70. Why isn’t the data being 

Discussions I base had with one of my 
associates, who incidentally has considerable 
operational experience in a B-58. lias deep- 
ened my concern with the apparent waste. 
I sincerely feel that the $4 billion already 
expended entitles the taxpayers to an explan- 

Howard E. Conlon 
Ann Arbor. Mich. 
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The new Brush Recorder Mark 200 made these incredibly crisp tracings. No other recorder in existence 
can match them. Note the line width. It never varies . . . regardless of writing velocity, regardless of chart 
speed. The writing mechanism is electrically signaled by the position-seeking "Metrisite” transducer 
no parts to wear, infinite resolution, verifiable dynamic H% accuracy. Traces are permanent, high-contrast, 
reproducible ... on low cost chart paper. The Mark 200 has but three standard controls . . . attenuator, 
pen position, chart speed. Such fidelity, simplicity and economy are possible with no other direct writing 
recorder. Available in both vertical and horizontal models with interchangeable plug-in preamplifiers or signal 
conditioning push-button controls. Write # 

for details . . . they’ll speak for themselves. SirUSH USTRIIMEXIR 




3,011 orbits extra. 


The Satellite Injun I was launched in 
June, 1961, to transmit radiation levels 
from space. Its nominal life expectancy 
was approximately one year. Today, 
after 19 months and more than 8,000 
orbits, Injun I is still functioning, filling 
almost a mile of magnetic tape with 
data every day. 

The people who designed and built In- 
jun I — under the direction of Dr. Brian 
J. O’Brien and Dr. J. A. Van Allen at 


the State University of Iowa— are proud 
of its performance. So are we. Over 
two-thirds of the transistors and diodes 
used in the Injun project — including 
both Injun I and a subsequent satel- 
lite, Injun III— are Fairchild products. 


FAIRCHILD 


SEMICONDUCTOR 


IRCHILD SEMICONDUCTOR / A DIVISII 


lIRCHILD CAMERA AND INSTRUMENT CORPORATION/545 


ROAD, MOI 


IEW, CALIFORNIA/YORKSHIRE 8-8161 / TWX: 415-969-9165 


